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EMBRYOI.OGY* 

CHAPTER I 

THE CELL AND THE INDIVIDUAL 

What is Eip.b<iyolD^y, and what is its significance or 
interest to ordinary ediicaUsl man and woman ? 
Th^ answer ||^ the question is the justitication for the 
ofethc following pago.'t^ and one may regard 
it Sil^feomewhat striking fact, that in the production 
of a series of works of wiiieh tlus volume is one, those 
responsible for the sulqects should have deemed it 
advisable to include Km bryology. 

Embryology may be defined as that part of the 
science of Biology which deals ^vit}l the formation of 
a new individual or embryo, 'llic definition itself ought 
to be sufficient to explain the significance of the sub- 
ject for every one, becii‘C^ one can hardly conceive 
of any more profoundly' imjiortant knowdedgo than 
that which tells of the mode of origin, maiuier of growth, 
and ultimate birth of an rntiroly new being. In the 
absence of such accurate knonlcNlge it is quite obvious 
that all one’s ideas coneeruing the maimer in which 
the new individual is to be ti-eatcd must have a more 
or less haphaz^ird. or at least empirical, b.»sis. In fact 
only when Embryology, or the science of the develop* 
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ment of the embryo, becomes a part of the ordinary 
oTeryday menial equipment of those who are responsible 
for 'cringing into the world new individuals, and sub- 
sequently protecting and handing them, will it be 
reasonable to expect that these new individuals will be 
dealt with in Iho best possible manner. In a word, 
it is evident tliat education, using that term in the 
very widest possible sense, can never be anything 
more than a ])lind gro]>iiig in the dark until those 
into whose hands it is entrusted realise and know at 
least the most important fundamental facts concerning 
development. It is the lack of this bud of knowledge 
that has been responsible for so much of the mis- 
taken systems of the past in dealing with the young, 
and it is the spread of this knowledge that alone is 
the hope of better things in the future. Wherever 
knowledge is absent superstition is rife, and In no 
sphere of life is this more painfully obvious than in 
connection with the subject which wo are about to 
study. It would have been entirely impossible ,for 
many of the stui)id and even cruel methods of mental 
and physical treatment that have been meted out 
to the young children in tlie past to have been tolerated 
for a moment had this knc>wledgo been available and 
sufficient!}’' widespread. Fi ' those possessing it, a 
flood of light is thrown upon the fascinating and other- 
wise obscure problems of heiedity ; and thus it lays 
open the pages of the past f(T those who care to 
them. For those possessing it also it throws upon the 
mental screen pictures of possibilities in the future for 
all those who have C3'es to sec. So the study of Embiy-^ 
ology links up the past with the present and joins tbt 
present wiih the future. Is it not therefore obvious that 



THE CELL AND TBE INDIVIDUAL 9 

• 

the study of such a subject has an importance that it 
is impossible to exaggerate, presenting as it does prob- 
lems that the parent, the teacher, the social reformer, 
the politician, and the yjiilanthropist will grapple with in 
vain unless they call in scioiiee to the', nd i Such is 
tKe meaning and significance of the subject of our 
study. • 

In the widest sense of the word Embryology, there- 
fore, deals with all manner of living things bo they 
plant or animal. But since our purpose here is to 
state, as far as possible in the space at our di^iiosal, 
the facts which are of particular inijK)rtanco in relation 
to the human subject, we shall only glance at the rest 
of living creatures. A bnef look at them, however, is 
quite necessary in order to appreciate what follows. 
Let us be quite clear of what are in search. We 
want to know as far as possible nvhat it is that goes 
to the making of a man. What is the origin of the 
nmv individual ? Where does tho embiyo come from ? 
What elements are concerned in its formation ? Where 
do these elemcms coino from ? How are they sub- 
sequently built up Into the tyi)0 of the species to which 
they belong ? Erom what source do they gain their 
nourishment ? What influences of a degenerative 
natme are likely to aftect them ? Those are the 
questions which it is tho business of the Embryologist 
to answer, and these are tho questions the answers to 
whifih affoixl tho explanation of man in the making. 
Surely they merely require to bo stated that their 
siguificance may bo appreciated. 

Wo nuiy now glance very briefly at the simplest 
faete whioh bear upon the subject, and which must 
pmodo our detailed study. The necessity for lepro- 
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duclion and dovelopment is involved in the universal 
faot of death. In all except the very simplest forms 
of Vfe — those consisting of one simple mass of proto- 
plasm — ^the individual sooner or later perishes, and if 
it wore not that there were some methods by means 
of which the individuals could give rise to new indivi- 
duals obviously the sjiecics would come to an end. 
No matter to what great ago an individual animal 
may live, and there are some such as the tortoises 
which do live for centuries, sooner or later death over- 
takes ‘them, and in all, investigation of their structure 
shows that nature has made i)rovision for the carrying 
on of the race by means of new individuals. 

Ever}’ living creature, be that creature simple or 
complicated, animal or vegetable, man or a jellyfish, 
starts life as one single ceil. The very simplest living 
individuals never ccinsht of anything else but one 
single cell, and it Is m these primitive forms of life 
alone that what we call death can not bo said to occur. 
Such a simj)’e cell, after living for a certain period, 
simply di\icles itself into two halves, each of which 
gradually assumes tlio size and shape of what we may 
term the par<mt cell. The first in^vidual has simply 
become tw'o st^parate individuals. These two in their 
turn after another period of indoi^endent existence, 
again each divide, thus givhig rise to four, and so on. 
Now hero, although the ori^djial parent cell no longer 
exists ds a cell, the actual material of which it«wa8 
composed still exists in the cells which came Into 
existence as tho result of this division. The origmaJi 
cell, therefore, may be literally said to have been 
deathless, or iinmortai, though not everlasting. Thia 
is a profound thought, and one wliich must be grasped 
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at the very commencement of our study of develop- 
ment, because it is one to which wo shall have to recur 
again and again when we come to study the cells which 
give rise to human lyings, in whom, too, there is a 
deathless continuity of cell protoplas. •, or germ-plasm 
as it is then called. It is upon this fact that the whole 
science of Embryology depends. * 

The important idea to be loanied from observing 
this process of rcprc»duction in the single-cclVd animal 
is this * +hat there is nothing hero which wo may term 
the body of an animal as opposed to any of its* parts. 
The one cell is both body and organs, and everything 
else ; in itself it has the capacity of performing all the 
functions necessary for life, im luding that of repro- 
duction for the perpetuation of ^he s[)eoie8. No part 
of the cell is sot on one side for anv sjxrcial purpose 
such as happens in the bodies of higher animals. There 
are no special elements which go to the producing of 
the next generation, none of the cells which in a 
mammal, for example, wo call “g(*rm-cells.” The 
whole individual is one coll. In fact one might almost 
say that there is no individual, but only race, or if 
we regard the cell as an individual then it is all genu- 
plasm. That is the important fact to bo learned in 
the reproduction of single cells. 

There are some singlo colls, such as those of the 
yeast, which reproduce in a slightly diffei*ent manner, 
nafhely, by budding off a portion of themselves and 
finally becoming separai(3, and this might be regarded 
as a slightly higher otago, in so far as the original cell 
from which the bud came may l>e still identified ; but 
in reality the psocess differs very little from that first 
desoribed 
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llien we may note that very low in the flcale of 
living things there is a process of reproduction known 
as conjugation, m which, although the cells of the 
species appear to be all alike, ^yct, neverthelessi two 
of them join together for purposes of reproduction. 
In other words we have hero a process of ceU-union 
before wef* have the cell-division wliich follows. It is 
important to note at this stage that the creatures 
which wo have mentioned, and even some more highly 
organised, such as an amoeba, wliich has a nucleus, 
go ttooiigh these simple or complicated reproductive 
processes in the total abscnco of anything which cotdd 
suggest a distinction of sex. In thobo cases the indivi- 
duals are obviously all of ono sex, and, therefore, the 
distinction of sexes into male and female is evidently 
something which ha^ been added later in the scheme 
of evolution, not for Ahe purpose of reproduction itself, 
but for something which is to be added to that. 

Then in the slightly higher animals and plants we 
come to those In which many cells go to the making 
of the individual, the multicellular individuals, and 
amongst these we very soon see the origin of what 
is termed specialisation of function. That is to say, 
in these higher creatures which consist of many numbem 
of cells arranged so as to form one individual, certain 
cells are set apart for one purpose and others for 
another. Some may be for (hgestion, some for pur* 
poses of movement, and otheis for reproduction. Steie 
we have a new phenomenon, namely, the setting aside 
of certain cells in a multicellular individual wlii(^ 
from the very beginning are capable of one function 
alone, namely, reproducing the species. The higher 
one gocc^ in the scale of life the more striking and 
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obvtous this faot becomes, and as we shall see when we 
come to the vertebrate kingdom, this setting aside of 
the cells which are to produce the individuals of .the 
next generation is the^key to the solution of the most 
difficult of our problems, 

these highest forms of life, however, the cell 
itself is becoming a much more complicated thing 
than that lowly form w'hich 'we first noted as dividing 
into two to form two new individuals. Indeed, the 
cells in the highest animals and plants are immensely 
complicated in their structures and functions^ and 
especially in comiection with tho changes which take 
place in the nucleus of such cells. Not only the 
nucleus but another small object within tho cell which 
is neither part of the nucleus nor part of the cell proto- 
plasm, also is very important, i^id this structure is 
termed tho centrosome.*’ In fact this little body 
apparently begins tho whole process of ooll-division by 
itself dividing into two parts. Then the nucleus follows 
suit, and ultimately the whole cell divides. The 
nucleus itself is a complicated structure, as is especi- 
ally seen during the processes of division, in which 
it breaks itself up into a number of thread-like portions, 
and the number of these is always the same in any 
given species, a fact which is of great importance in 
repidduction. Why do we mention these apparently 
dry detaik ? Because in these minute and compli- 
cated nuclear movements the whole problems which 
are at the bottom of development and heredity lie, 
Ttie problems of life itself can only be solved by the 
study of what takes place in these minute portions 
of 0^. It is here that the new formation of an 
incKvidual begins, and although it is no part of oor 
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purpose here to detail all the complioated processes 
of nuclear division, it is essential, in order to grasp the 
melting of our subject, that wo should realise that in 
the changes within the cell life with its variations 
begins. 

The study of those wfindorful cell processes, a' woA 
which donaiids the most patient investigation and 
high technical skill, has reached sucli a stage that it 
is a science of its own, and is calk'd the science of 
“ C3rtology,” or the science of colls, which has been 
made ».possiblo only in comparatively recent years by 
the invention of niicrosco]X's having great powers of 
magnification, and hy the application of elaborate 
methods of staining to the cells th' msclves. 

Wc can say no more about these processes here, 
but the foregoing p^^ragrarhs may perhaps be suffi- 
cient to show' us ho)|V important it is to grasp these 
simple facts of cell life in their bearing upon develop- 
ment itself. 



CHAPTKR II 

PROBLEMS OF REPRODUCTION 


Wb have scon that in the higher types of animals and 
plants the single individual is made up i>f not ofto but 
millions and millions of ceils united together for the 
common purpose of the indi\idual lih', and that in 
such complicated individualities svnuc cells perform one 
function while others fierforiii others. A human indivi- 
dual from this po«nt of \ie\v, thert'fore. is an organised 
community of cells all of \\ Inch,* hov\ ever, sprang, in 
the first place, from one singli* cell. ^Phat original single 
cell is termed, in animal Embryology, the “fertilised 
ovum.” It is popularly .sj)oken of frequently as “ the 


egg.” All the other millions of cells are the direct 
descendants of this ^'^rtilihed oMim, or egg, even though 
*-^any of them eventually bcconio extremely unlike the 
ofriginal coll. In single-celled animals the offspring of 
original coll remain like tho parent cell, but in the 
f^hly complicated creatures the olTspriiig split up into 
ll^reat tnany tyqx's of cells, <n\irig to tho very fact 
laat* all remain adlicrent together to form the mass 
^f the body in onler to carry out different functions, 
we find cells of one ty^xi in glands, of another type 
pin the brain, of another ty\yQ in bones, of another 
type in blood, and so forth. Novertholess all of them 


sprang from one original single cell. None of these 

16 
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specialised types of cells, however, are capable of perj 
forming any other function than their own. A bone-^ 
cell cannot receive an impression, nor originate an 
idea, any more than a brain-ccU can secrete bile. Each 
kind of cell has its own appointed duty. The most 
important duty that can possibly be allotted to any 
cell is obviously that of reproducing the individual 
for the purpose of continuing the race or species. 
we find in higher animals that this function, like others 
is relegated to a si^cial set of ceHs also derived Irom 
the original single cell, and vhich are called ^^tbf 
germ-cells.” 

Leaving out of consideration iho question of lepra 
duotion in louver types of animals wo may considei 
the nature and origin of thohc cells in highest verte* 
brates, such os the ‘'mammals, including man. Gonn- 
cells, which are derived from the tissues of a female 
animal, are termed ‘"ova.” Those which are derived 
from the (issuer of a male animal are termed ” sperms.” 
Notice that it is not theso germ-cells themselves ^ 
which the tenns male and female, indicative of tK 
two sexes, are applied, but only to the individual 
They are male and female; the germ-cells are,ct 
neither sex. I'rue the gorm-cclls from the male, m 
the sperms, differ in iipxiearance when seen under \ 
microscope from those of the female, but there ieil ! 
reason to believe that there is any difference betwy 
them m their capacity, for example, of transmittEg 
the characters of ancestors to succeeding generatioiis* « 

At a certain stage in the life history of the aaiimiA 
individual and after undergoing certain change^ which 
need not be considered here, these geim-c^, both 
sperms and ova, have reached such a stage of matoiity 
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to l>e capable of carrying on their sole function, 
namely, that of reproducing the species. The actual 
age in human beings, for example, at which «this 
maturity is reached varies very much in different 
races, and in different individuals of tL race. 

•When reproduction is about to occur a union must 
^ take place between a germ-cell from a male body with 
^ germ-cell from a female body ; that is tu say, a union 
must take place betTveen a sperm and an o\n7ni This 
union takes place within the body of the female indivi- 
dual ana results in Iho fusion of the tw^o cells in^o one 
single cell, which is now termed a fertilised ovum. 
This fertilised ovum, in virtue of this process of union, 
is now able under suitable conditions of nutrition and 
dtielter. such as it obtains within the female organs of 
reproduction, to divide and redivide again and again, 
thus building up a now mass of cells as the result of 
its division. The millions of cells so produced include, 
as we have already seen, cells which have all the various 
'"functions which arc necessary for tho continuation of 
the life of a human individual ; that is to say. that as 
jthe result of this division of the fertilised ovum there 
are produced first of all germ-cells to secure the still 
further continuance of tho race, and then multitudes 
;of all the other kinds of cells w^hich gradually assume 
*the shape of an embryo or young iarlividual, and 
'Ulttmately grow into a human being. 

Ih all the highly complicated animals fertilisation by 
imion of germ-cells from male and female must pre- 
cede reproduction. Tho result eventually is this multi- 
ci^ulor individual composed of a numl^r of different 
kinds of cells each set apart for its owm work. But 
tt is well to recognise that wo may regard all these 

B 
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colb as really of two kinds, namely, the germ-cells onol 
the others. That is to say, two kinds of celb are 
produced as the result of fertilisation, namely, ceUs 
whose business it ultimately wiU be to again take part 
in a similar process of fertilisation, and so perpetuate 
the species, and all the other cells which go to &e 
forming of the various body tissues of the individual 
itself. In this wa}*^ we get a simple classification of thc^ 
ceUs which fonn, for example, a human being, namely, 
germ-cells and body-cells, the latter often being termed^ 
“ Bonfatic.*’ The latter are, of course, in much greater 
abundance than the germ-celLs. They have to form* 
all the various elements, organs, limbs, and structures 
known and described by the anatomist. The geim- 
celb are a separate Ijttle group of themwlves embedded 
in the male and fefnalo reproductive organs for the 
sake of nutrition, grerv, th, and shelter, for many years, 
until they again take part in the process of fertilisation. 
Note carefully that no other cells in the body ever 
unite together to produce a new individual ezeepi 
germ-ceUs. ^ 

Somatic cells reproduce by dividing directly. Qerm^ 
celb before they can do this require to bo fertilisec^ 
That is to say, the cell from the male (the sperm) mus 
fuse with tho cell in the female (the ovum). As Drl 
Archdall Reid graphically states it, Only the germa 
are marriageable; and, as have just seen, in the) 
great majority of animals coid plants they observe 
the degrees of consanguinity very strictly, and do not 
unite except with members of another cell-community, 
and then only to found a new colony of celb, an off- 
spring.” r 

There are still some further consideiations in enn- 
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nection mth the subjeot of germ-cells and germ-plaam 
which we must carefully consider before leaving this 
part of our subject, Embryology. Everything depends 
upon a perfectly clear understanding at tUs stage. 
The facts themselves that have to bo '‘.diu:t*d in this 
connection are comparatively few and simple. No 
fairly educated person should have any difficutty what- 
soever in grasping them. Moreover, very fortunately 
they are thoroughly well established and not in dispute. 
But the reasoning which is based upon thc'O few and 
elementary facts, reasoning which is applied h# the 
methods of treatment of the individual which is pro- 
duced, may be very complicated and very debatable. 
Various schools of thought and opinion exist according 
to the attitude taken towards the facts, some of wliich 
we have mentioned and others of •Which wo are about 
to detail. But the facts themselves are not debatable, 
and we therefore see onec more that their importance 
at this stage cannot be exaggerated. 

One or two very simple general propositions bound 
up with the suljcct of Embryf)logy, or indivi<lual 
development, may be stated in order to focus attention 
upon the nature of the problem under investigation. 
Thus nobody will be found to question the funda- 
mental truth that childien resemble their parents. 
That is a comraonplacx) of exx>erienco. Similarly no 
one will be found to dispute another fundamental 
fact^ namely, that children dilTer from their parents. 
This, too, is equally a commonplace of experience. 
If we examine a million human beings we find that 
they all possess certain features in common, certain 
eha^teri^cs in virtue of which wo leeogniso tliem 
to be human beings. Nevertheless it is just as true 
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that a careful examination of the same million people 
reveals the true saying that no two of them are exactly 
alike. Here tlien are two propositions equally true 
within certain limits ; namely, that all human beings 
resemble each other, and that all human beings differ 
from each other. Tliere is resemblance ; and there 
is variation. These two things are universal because 
of the existence and characteristics of germ-cells. We 
may look at tliis a little clo‘*er. 

Every bjiccics of animal in the process of r©pSx>- 
ductipn brings forth oflspring bimilar to itself. This 
is exproNNcd in the familiar proverb that “ like pro* 
duces like.** One docs not expect grapes from thorns, 
nor is it possible to construct o silk purse out of a 
sow’s ear. But what is the explanation of this pro- 
verbial fact ? The answer is of great importance, 
because although tiu fact iWlf is recogni^ as a 
general principle in tlu reproduction of a species. It 
is not sullicicutly recognis^'d in the full details of the 
characters of tiiat indi\idual. Too many people are 
still apt to expt‘ct to bo able b> produce grapes when 
the plant is a thorn, and it is unfortunately all too 
common to make heioic but quite futile attempts to 
construct human silk purses out of human sows* ears 
— so to speak - simply because of the ignorance' of 
the material whu h is being used. The most th^t oaft 
be done is give such material as is present the very 
best opportunity of attaining its o\m utmost 
tion; and this, by the way, is vastly more than has 
ever been done for any considerable number of ttie 
human race. 

But why tliis continuity of species 7 Why shouUI 
like always produce hko ? The answer has hem soqglit 
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by biologists ever since problems of life attracted man’s 
curiosity. All sorts of weird and fantastic theories 
have been put forward at different times to accoiyit 
for this simple fact, but it is only in comparatively 
recent years that the real explanation lr.o l^t^n forth- 
coming. It is perfectly obvious that in order to secure 
this continuity of racial resemblance there must bo 
something physical or material which is a<'tually con- 
tinuous from generation to generation to account for 
it The immortal 'Darwin saw this very clearly, and 
devoted much thought in the endeavour to find some 
explanation of this very problem. The result was his 
theory of Pangcncfeis which, ingenious as it was, was 
ultimately shown to have no basis on fact. In his 
effort to account for the fact that cliildren resemble 
their parents even in such minute ^letails as the shape 
of the nose, the colour of the ejes, and so forth, he 
formulated the idea that the x)arenta themselves prob- 
ably contributed multitudes of minute x)articlcs from 
thejr own tissues to form the ceils of their offspring. 
Be supposed, for example, that particles or gemmulos 
from the eyes, nose, hair, and so forth, of the parent, 
or parents, in some way or other were fused together 
md gave rise to the cells which ultimately produced 
an embiyo. Hence ho thought the explanation of the 
lesetnblance betw'ccn parents and children. This was 
hb solulion to the question of the physical continuity 
bet^wn successive generations. It may be remarked 
in passing that it is with something of pathos that one 
naa^ in Darwin’s own w'orks his own evident opinion 
tbjat this theory of Pangenesis was a great discovery. 

gathers almost that he himself regarded it*^ of 
IpMtev importance than his work on natural selection. 
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*In the course of time, however, the tesl actual basis 
of physical continuity was shown to be something 
quite different, and looking back now upon the histoiy 
the diacoveries in this connection during the last 
generation one con easily imagine what speculations 
there must have been in the absence of the facts which 
are nowrknown to embryologists. 
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PROBLEMS OF REPRODUCTION {c4yrtUn\ied) 

The nriA outstanding discovery which htt.s placet! the 
aoienoe of Embryology on an absoiuhdy firm •basis, 
and which has made clear so many of the facts, which 
were previously puzzling, is this : that the germ-cells 
which give rise to nav individm^s arc thevisclves pro- 
duced from pre-fjciaiing gcrm^cdU, The entire embryo, 
or young infant, is derived from/ono single cell which 
we have called the fertilised ovum, mi(l that in its 
turn was derived from the luuon of twi> gr^rin-colls, 
one from the male parent, and one from the female. 
These two cells in their turn wi‘re aNo derived in a 
straight lino of descent from the fertilised ovum from 
which each jiai'ent sprang. In i>ther words there has 
never been any conjugation betwt^en one fertilised ovum 
and another in spitc^ of tlio generations of cells which 
have been produced between them. Put in another 
way the body, or somatio cells, contribute absolutely 
nothing to the original Tuatorial or gcrm-plosm of wliieh 
iha germ-cells are com^ioscd. llioy do not produce 
them in any sense of the word whatsoever, despite the 
popular opinion to the contrary. This is the great 
'discovery of modem Embryology. Until this was 
known it was assumed that parents did produce the 

cella from which their children sprang, aiid hence — 

' la 
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it was thought— the resemblance between them. The 
fact is quite otherwise. No parent ever produces a 
genu-cell, and tbo reason why children resemble parents 
and[ ancestors is because the germ-cells which giva rise 
to individuals in successivo generations are produced 
from the gcrm-cclls of the previous generation. The 
line of dc*ieent or inheritance, therefore, is from germ* 
cell to germ-cell, and not from parents. Unless the 
reader makes himself absolutely familiar with the 
thought cxpies'iod in these facts ho will never under- 
stand, the s(‘ienco of Embryology. 

Dr. Arehdall Keid exprcshcs this truHi in the follow- 
ing words. “ Tho somatic cells of the parent, there- 
fore, as far as wo know, contiihuto no living elements 
to the child; they merely piovido temporary shelter 
and nutriment. T]\6 child, therefore, does not, as is 
popularly supjio'scd, ivscniblo his parent because his 
several parts are derived from similar parts of the 
parent — his hi ad from hw parent's head, his hands 
from his parent’s liands, and so forth ; he resembles 
him only l/ocduse the germ-plasm which directed bis 
development was a split-oiT portion of the germ-plasm 
which direr ted the development of the parent. Bie 
egg produces tho fo\\l, but tho fowl as a whole does 
not produce the egg — only one cell from the fowl, the 
fertilised ovum, produces it.” 

This is a starthng thought, but it is one which & 
moment's careful eonsideratioa will show is the oniy 
oonceivablo explanation of all tho facts of phyucid 
continuity. Once it is grasped a flood of light is thrown 
upon the vholc science of Embryology. The indivi«t' 
dual is seen to bo literally a chip of the old blocks**' 
and tho old block ” means the whole sequenoe of’ 



PROBLEMS OF BEPROOUCTION . ^ 


tCG SPERM 



Unito in tho process of fnrtilMation 
tu form tbu itrtili:3od ovum, which 



divides a given number of timee 
and forma daughtor-celia, which 
are garra-ooUa^ 

S 6b6'bik)i!b6k^oi>h 


one of which, an<l 
one onlj, goes on 
dividing to form tho 
body-oells, and lo 
pfodnces the new 
individoal, which 
aifiigrowa includes 
to Itaelf those cells 
(germ^oellf) pxevi- 


tho rest are germ -cells, which subsequently 
form tho eggs and sperms of the new in- 
dividual, i.e. thoy are the germ-oclls of the 
next generation. They eannot develop In- 
dependently, but when they unite with the 
egg or sperm of another individual, a new 
fcnihbej ovum la formed and the cycle 
begins .igain. 


Plagtam to show the origin of germ-oella and tbe embryo. 
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germ-cells which has preceded his formation. In the 
light of this fact it is obvious why like produces like ; 
indeed, it is obvious that it must do so. Further, wo 
now understand at oiico that since one generation of 
germ cells directly produces those of the next, there 
is no reason in the world why an individual should 
not more*noaily resoiiil»le a remote ancestor than hifl 
own immediate piiients. As a simple matter of fact 
this fnupiently h<ip}3t*UH. lie does so because the 
germ -cell from which he sprang is composed of proto- 
plasm^ handed down in direct continuity by successive 
generations of g<‘rm-ceils from time immemorial. In 
fact the piohlcin in the light of this evidence is not 
80 much— as it always seems to the writer— to under- 
stand why cliildren lescmlile par<*nts cind ancestors, as 
to understand how it i.- that they do not resemble 
them more. 

There is no dilHrulty now^ in explaining the funda- 
mental pr(»po"it*ons with which we starU'd, namely, 
that children xcscinble tlu'ir ])aient>. Tliore is no diffi- 
culty in the nndci -.tanding why a child msembles not 
only its immciliato parents, l)ut even its ancestors. 
There is c\m no difticiilly in miderstanding why a 
child should n -►emblo its anccsUirs, oven though it 
docs not it‘.seni]>lt3 its parents (hven the simple truth 
that iho gcrm-j)la-in is continuous from one generation 
to luiothi^r, all theso things 1 k\ omo as clear as daylight. 

But wo also start with aiio her general propOBit3K)n, 
namely, tliat chil(lix>in differ from their parents, and 
it is this question of tlie variation in offspring which' 
must now' elaim our attention for a moment. By this 
term we mean to convey the fact that although every 
child has a real rcsemblaiico to its parents or tts 
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BQOestots, it inevitably and invaiiably shows <£iter^ 
enoes even if those bo more minuto than tho resem- 
blanees. In other words tho oilspring (jf a human 
being, though obviously and necessarily, from the 
oontinuity of gorm-(itasni, it must L 111 r human 
beings is never exactly similar to any other. Now 
these variations are many of them from the 

very beginning, they take their origin in the germ-plasm 
of tho two germ-celLs uhich form tho fertilised ovum. 
Hiey that is to say, many of them germinal in 
origin. These must be carefully distinguished from 
such characteristics as are afti^nvards acquired by tho 
child as tho result of its adaptation to tho environ- 
ment in which it posses ils exist/cnco. 

It would bo beyond tho sc(qx; of the present work 
to enter into all tho various thet^rios which have been 
put forward to account for tho fact of variation. It 
will be sufficient for our purpose liem if tho reader 
remembers that it is a universal tendency in all Uving 
protoplasm to exhilnt variations. It is just as universal 
as is its continuity of hkenoss. Mori'over, in dealing 
with the highest animals in which the foitilised ovum, 
from which tho embryo springs, is produced by the 
union of gcrm-cella from male and female, one may 
readily understand that tho diilerent linos of descent 
of the male and female gorm-cells may well be respon- 
sible for tho differences exhibited in the offspring. 
Obviously the fertilised ovum, if it has to give rise 
to a normal individual, cannot retain all the charac- 
teristics which were possibly existent in both the male 
germ-cells and the female germ-cells. Some of them 
must be suppressed or got rid of, otherwise there would 
be too many characters in the resulting offspring. 
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And, as a matter of fact, suoh a reduction doefii actually 
take place in the physical tissue comprising the ferti^ 
lisedt-ooll, and it is probably at this stage that varia- 
tions take thoir origin. 

Thus, for example, it Is quite impossible that two 
opposing characteristics can both bo represented iA 
the fertilised ovum. One of them must bo suppressed 
or thrown out or got rid of in some way or another. 
For example, the union of the male element and the 
female element will give rise to an emljryo which may 
be ovfentually eitlicr a male or a female individud» 
but cannot be both. There wore possibilities of it 
being either the one or the other at the beginning* 
but since the two possibilities arj mutually antagonistio* 
one or the other must bo eliminated. So again, sup- 
posing that the colouf ot the eyes on the one side were 
brown, and on the other side blue, the possibilities 
are that the ferhli«cd ovum may give rise to an indivi- 
dual having cithor blue eyes or brown eyes, but, again^ 
not both. 

A variation in offspring then may be regarded as a 
difference between that offspring and the pateots« 
which is duo to some change in the germ<plasm, some 
difference, that ^s, botw^een the germ-plasm from whiol^^ 
the parent sprang and that fn^m which the next gene- 
ration arose. Such differences will, of course, be intro- 
duced at the time of fertihsation. It is important to 
keep clearly in mind the difference between a tame 
variation, in the sense that wo have just used the tenu> 
and a modification which is caused by tho vaxyikig 
effects of influences affecting parents and offspriogf 
Unless these two things are kept mentally distioet^^ 
much confusion of thought is apt to arise. 
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The above statement does not necessarily mean that 
the germ-plasm carried in the sperms and the ova 
respectively, cannot be affected in any way. Indeed 
one is forced to the conclusion that such v^nn-cella 
must be influenced bp the nutrient lituOa supplied to 
them, and by the existence of toxic or poisonous sub- 
stances in the body of the parent. It is ^uito con- 
ceivable, and indeed inevitable, that the individual 
embryo resulting from the fusion of such poisoned 
genn-*^^!!:: will show modifications, but those, however, 
are not to bo regarded in any sense as Inio variations, 
for the simple reason that these modifications do not 
take their origin in the actual gcrm-pleusm itself, but 
are simply the result of abnormal stimuli. Such modi- 
fications, no matter in \^hat direction they may be, 
axe, of course, not transmissible tef the next generation, 
for the very obvious reason ihat^tho gonn-cells wluch 
axe to be concerned with the next generation have been 
already produced. The germ-plasm itself passes on 
anohanged in so far as its hereditary possibilities are 
concerned. We see, therefore, that in order to think 
olcarly on this matter we must limit the meaning of 
the word variation to such differences or changes in 
germ-plasm which indicates some real change of an 
'inheritable nature. The term should not be used to 
aptfly to a more passing environment, in which the 
germ-plasm hapxx^ns to be, caused by the presence of 
^poifN>ns, or similar factors. 

" Qiven then the fact that variations do constantly 
and inevitably occur in offspring owing to new qualities 
arising in germ-plasm itself, it is obvious that these 
vssriaiaons are either what are termed spontaneous,** 
^XMf'alse they must be due to the action of the sur- 
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roundings on the germ-plasm. By the term spon- 
taneous,” in tins connection, it is not meant that these 
vafialions arise without cause or in a haphazard 
manner It ib simply meant to imply that the present 
Btat( of oui kno^vIeclf'e does not justify us in stating 
what docb actudlly cause the variation in germ-plasm, 
or the liw in accordance with which such vanations 
0( cur That th( y mu t ho a matter of cause and effect 
and hw cmiv biologist bLlK\cs, but until the law 
can 1)1 d( monsfi itcd the Urni ‘ spontaneous” may 
will bo let lined to dlsfl^gui^h these vanations from 
those wlmh arise by the obvious action of environ- 
ment 1 oi (\amph the \anat) )ns which occur as the 
icsulls of rc])r()du( tion fiom ^wo paionts do so because 
of the mingling of th< k yxMivo gcim r 11 s, and such 
vanations (onie uruki tlio gioup of “spontaneous”; 
whcicas changes inluid on an oiint of the food sup- 
plied ui I < i on )us substances in fluids surrounding 
germ cell an not spontaneous but cmiionmental. 

A point ol grcit intcKsi to the embryologists is 
the (j[m^tion whether the diikuiuts of detail which 
exist bitwirn children and Him paitiits are of the 
nature of sp< ntaiicous variuions, taking their origin 
ill the gcim ] ^asm itself ir nicie modifacations pro- 
du» td b} the a tioii of tiie m\ironment of the embryo, 
I Hither should both these fictors play a part in pro- 
ducing the 0 dilkrenccs, win h is of gi eater importance, 
and m what jnopoition ^ Hus question is elaborAted 
m great detail bj Dr Archdall lie id, in his work, The 
Law& of Ihredity, which ought to be read by every 
intelligent citi/cn and pirciit who is interested in the 
welfare of the >ouiig In the mam m this subject 
we follow the ideas so ably put forward by him. He 
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points out that the offspring of the same parents always 
differ not only from the parents, but among them- 
selves, even if they bo twins, and amongst the tower 
animals every member of a litt«"r of dog^, * pigs, or 
kittens, shows differences in size, colour, activities, 
temperament, and charaetcristies. An' thoxs differ- 
ences due to the action of environment on tfxc embryo 
or do they take their origin in the gcrin-cells from 
which the individuals came ? Inasmuch a litter 
of prppLs is subjected to precisc'ly the samo environ- 
ment during the whole time of development,* it is 
perfectly obvious that «?uch differences as they CAhibit 
at the time of birth must liavo been gtTminal, an 
identical envirotmicnt could not by any stretch of the 
imagination bo held responsible for producing varia- 
tions. They, therefore, niuot of the spontaneous 
variety. Of course it may be arg)U‘d that even during 
development the environment of each emhryo within 
the mother is not identical, but if will be a gross abuse 
of such argument to therefore conclude that such 
minute differences of hurroum.hngs could account for 
one puppy being big and black, and another one small 
and brown in the same litter ; or that one should 
resemble one parent, another the other, and a third 
a remote ancestor. It is, theixiforo, clear that tiome 
at least of tho variations in offspring are terminal or 
i^ntaneous in origin, and not m any way due to the 
environment of tho embryo. 

He question remains uhotber all variations are due 
to this cause or w'hether some may bo tracked to environ- 
mental factors. One of the best lines of argument 
and investigation on this piint is that of tho bactcri- 
because microbes with which he is concerned 
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may be regarded as equivalent in this matter to germ* 
cells, all microbes being unicellular. The problems of 
the® germ-cell, and its heredity, therefore, are very 
similar in both cases. Tried by this test we may 
whether the changes produced in these unicellular 
organisms by the action of their environment are, br 
are not, mherited as variations. No one doubts for 
a single moment that a microbe os veil as a germ- 
cell may bo changed, or injured, or improved, according 
to its own ‘•pocial environment. What is in dispute 
is whether that change remains fixed in the succeeding 
generations to which ihc&o um^ellulai* cells give rise* 
It is precisely hero that the bacteriologist can offer 
evidence of a most important character. He will tell 
us that it is (piite easy to change many of the charao- 
teriatios of a microbe by altering its environment, 
which is und<)u])te(lly true, but the fuither statement 
that they <'haugo bocau c their germ-plasm is affected 
directly by the environment is not iiece&sarily true. 
These orgamsms and germ-cells are composed of proto- 
plasm whobo ultimate constitution jiermits of their 
varying spontaneously, Thes) vanations are obviously 
to enable them to a<lapt themselves to the tissues ^ 
the animal in w^hich they are living, and these vada* 
tions also, or modificatioiib as they really are, am 
usually lost when that environment is no longer 
existent. In other words they proceed no further 
than to allow the microbe U exist in a new envixou- 
ment. Tins seems t^) point undoubtedly to the laofc 
that they are caused by selection of true variatioi|a» 
In other words what is ultimately produced is a 
dition of the germ-cell in which it becomes very 
resistant to any influence immediately exerted it 
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by the environment, and so continucB to live in suc- 
coBsive generations '\Aitheut any furllior modification. 
The conclusion, tlw'ivfore, is, in Dr. Jk'id’s wwds, 
“that tho gonn pla^n is both spoil hi n(‘onsl\ variable 
and highly resistant to llu' din'cl actu; T lmo ii.viron- 
ment. In other anotcK we nuisl belitM'' that in any 
species that is not niider<^oiii^» I'^tinetiuu sjlonlancous 
variations greatly jjrepondiaate o\er tlif»>e which are 
caused by the direct action of llu* t luinuiinen*.*’ 

Thi'=» onality (/f smcrle cells, that to say of the 
germ-plasm of all s])(‘(*i(s which eontinue fo e\Tst, in 
virtue of wliicdi it rc‘sid>i \<‘iy ‘-liojudv any ellorts to 
change it, is a very impoilanl nia<l(‘r to gra p With- 
out it it is quite ol)\ions th.il no pec as (‘ould maintain 
its characteristic fealuics for an\ length of lime. Weie 
it not for this iC'^utant ])ow(*r •genn pla-^m would bo 
easily destroyc'd or eontinually ;itul uadjly changed. 
The descendants from such eontinually clinnging germ- 
plasm w^ould themselves ho of such inlimto \ariety 
that there would be no Mieh thing a definite species, 
so that there is no doubt whatevcT that gi‘im jiiasm 
has become, probabl3’ by the action of natural selection, 
OJCtremoly resistant to all inllueiKcs (^f an environ- 
mental charaeter. 

That docs not mean, of course, that germ-plasm 
' cannot bo damaged, or wcabenod, or changed in its 
tendencies. It floi^s moan that wlicn it is so changed 
it Is principally as tho result, of injury, which may bo 
indeed so severe as to destroy Ibe gi'rin plasm itself. 
tt would seem as if tho inherit od tendencies of germ- 
coils were so intimatidy bound ii]) in the constitution 
6f thoso cells as to he almost a matter of life and death 
the cells. If they be so interfered with as to be 
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destroyed it is hardly possible for the cell itself to eon* 
tinue to exist. One of the most interesting examples of 
this •resistance of gcmi-cella to their environment is, in 
conned ion w ith some human diseases 'which have existed 
from time immemorial, diseases the descriptions of which 
are to be found given quite accurately in the most 
ancient d(A*uments, but in spite of the fact that human 
germ-cclla have been subject to the hostile surroundings 
which such human disea‘^es involve they themselves 
have not changed to any great extent. That is to say 
they still proihice a of ombrj'^o and offspring prac- 
tically identical with that that alw'ays was produced. 
The same tmth a])piies to the ccHs which make up 
the body of the cmliryo and thv* individual, as well 
as to the g('rm-eolIs. The body cells, those which 
make up bone, and niusch , and gland, and so forth, 
are constantly exposed to all sorts of influences v^hioh 
must tend to damage thc'in so far as it is possible for 
the cells to be damaged and still li\e. Those body- 
cells are sometimes stur\cd, sometimes poisoned with 
alcohol and angs, frozen by extremes of temperature, 
over-worked l\y too much physical strain, and so on, 
and if it weie possi])lo for sucli extenial influences to 
change the type* of cells of tlieir offspring we should 
expect to SCO it here. But it does not occur. The 
internal hercditaiy tendencies of these cells are so 
strong, and so intimately bound up with the life of 
the cells themselves, that when they divide and pro- 
duce others these others are precisely similar to the 
parent cells, in spite of all the unfavourable enviroQ^ 
ment in which they have been. Slight variations do, 
of course, occur, but these are chiefly of a germinal 
or spontaneous nature, and not due to the environments 
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Tbis thought gives us somo vague atid imperfect 
idea of how immensely complex the constitution of 
germ-plasm must be. This germ-plasm is very often 
subjected to all sort-s of unfavourable conditions, ospeci- 
ally those of alcohol afld loxins, and i/iidilions 

ha^ been acting upon it more or less for an immense 
number of generations, and j'ot tlio resistance to modi- 
fication at the hands of Iheso internal factors is so 
groat that all the processes \vhieh follow upon the 
fertilisation of the ovum, all the thousand complica- 
tions which thereafter enmo in the building up of»the 
young embryo are hardly ever inUufered with. When 
they are markedly Jiiicrfcred with such interference 
generally involves the death of the < nibryo. 

The conclusion arrived at on this subject by Dr. 
Arobdall Reid, after a very caK^ful and extemsive 
inquiry into all the cvidonce Iroiu many points of view, 
is stated by him os follows : “ Thoiigh variations may 
result from the direct action of the environment, such 
variations are, in cflect, always injuries, and aro of 
rare ocourronco in individuals who survive and have 
offspring. Adaptatifu {i.e, evolution) deijends almost 
exclusively on spontaneous variations. These do not 
imply damage to the germ -plasm, but are products of 
its vital activity. Occurring in vast abundance all 
round the specific and parental moans, they supply 
the sole maierial for Natural Selection. 

“We conceive the germ-plasm, then, as living and 
active, closely adjusted to its environment, growing, 
dividing. varying, capable of being destr()ye<l and injured, 
but resisting death and injury, and w ithin limits capable 
of repairing damage and n^turning to its oi iginal .state- 
lie behaving exactly as a living individual does.” 
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Tlir. Ol* A AL\N 

HA\h\(, 111 j>rcUin»naiv ( onsirlcration of the 

fiirwJ uiK-ntai ii]){>ii which Ihc tvu^nco of Embry- 
ology U ba^cd c l(‘arc(l (ho gioiirul as far as posf^ible^ 
we ina}’' uow suTumaiisc, in a tow Minplo statements, 
the pomi at whicli wo lia\(‘ ainvcfl in order that we 
may ])roooc(l at oiicc* to the juoii' detailed study of 
the aoiual dcvolopniont of tlK* cMubi^o itself. 

Wo aro in search of ikar a statonient as possible 
of tlie oiigiii of the many and \tUiod characteristics 
whi<‘h go to <h<> foinnUion of a human enibrj^, and 
honoo to th(' making of an individual, iTic variation 
in these iii<inv < liaractiu-istics acHounts for the differ- 
ouocs in nuliMdu.ditks. No two imlividuals are eat- 
actly whato\(‘r bo the standard by which we 

ostiiiiato til* m. This is line inoially, ethically, and 
phybicallv. In (ach of tlu•^c s])hcres there are to be 
found g(n)d, bul, and in litfeient individuals, but 
wlaelievcr they are it is tpidf obvious that the result 
has been brouglit aboiii In th< influence of all the faCtOlS 
of lierethty and cnviifniinent acting upon the capacities'^ 
which were originally iin])laiiled in the gorm-p]asin« 
An individual is the resultant of the play upon 
maii\s-v\oitli of human material of all forces which hay^ 
acted, or aie acting, upon that kind and amount of 

Jb 
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material. Even tlioiigli two children of the same 
parents bo brought up under A\hiit arc to all a])pcar- 
anoes identical cireuftihltiiices, they dith*!’ from tlw^ very 
begiiming from eacli otlier and their parent'^. 'J'his 
isjbrue oven of nliydoal chatacteiisticM, .lu i more 
markedly in inenlnl feature'^ The fad is— arxl d is 
one which is not MilheKsdl.N iv(*og?iised ihaP the for- 
mation of an iud'vjdual au embryo, the making 

of a man, is a biological pi(d>lem fmitlamentally. 

The Iv^lluwing are the pniuipal Jacts uliiUi vv'C have 
at this stage to liear iii mind. * 

All livi’ig creatines are inad(‘ of e(‘]ls, the ])]iy‘'ieal 
basis of whieli is ])ro to plasm. I'he simplest eieatures 
Consist of one such mass of j)n>to])lasm ; higher 
Oi^ganisms con i^i of more than o»4e, and »»flcn of mil- 
lions, in which case they adiu re to<J*llicr. t'elN multiply 
by dividing into two, the pioloj^laan of tlii‘ mother- 
cell giving rise to that of the dauglitei u‘lb. A human 
embryo, therefore, A\hieli gomg to gi\x' rise to an 
adult individnxl is a (*ommiiiiit,\ eoii>iding of an enor- 
mous number ot cells, the whole of \\hich have de- 
scended from one common ancestor, a '^ingle cell known 
as a fertilised u\um. True, these cU'sctmdants break 
up into many t\q)es of cells in order tliat dilTerent 
functions may be fiei-formed by s])eeial tissues, but 
UOOe of these K|)ccial cells can do everything that is 
lieoessai^' for the life of the whole iiicluidiial ; they 
can only play their own special small part. They can 
dor nothing tow aids eoutmumg the species of the in- 
dividual. This duty, like olliers, is imposed upon 
*Cne particular group and kind of cells, namely, the 
? IJlAni-cells, which do nothing else in the animal economy 
'I b46^ fonush the means for the continuity of the race. 
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Although they lie within the tissues of the raibtyo^ 
and afterwards of the adult, they take no part in the 
life of that embryo or adult. They undergo oertain 
ohanges in themselvos which are to fit them for their 
ultimate destiny and function, but they contribute 
nothing to the output of energy on the part of the in- 
dividual* When these arc denvod from a female they 
are termed ova ” ; \^hon from a male they are termed 
“ sperms.” They themselves arc neither male nor 
female* they are merely protected and nourished by 
the general mass of cells \\hich constitutes the male 
and female individual 

When a male germ-cell or sperm unites with a 
female germ-cell or ovum, \^ithin the female body» 
fertilisation of the ovum talcs place, and this gives 
rise to the fertilised geim-coll from \vhich is to arise 
first the germ-cells or direct descendants of itself, and 
secondly the embryo m %\hich tliebo germ-cells will 
come to he. Tins happens by the repeated and Con- 
tinued division of the fertilised germ cell, a division 
which oonsiifutes growth, and which under suitable 
conditions of nounshment and protection and exercise 
will ultimately produce a human being. The great 
mass of the ''oils of this individual, the body or 
somatic colls, take no part whatsoever in giving 
rise to the gcni-cells of the next generation. These 
are produced from the {ire-ezisting germ-cells, and 
from no other source, and it is for this reasCKU 
alone that the phenomena of heredity are po6si|>le 
and that one generation is directly continuous Hritb 
its predecessors. In fact heredity may be define!) 
as the relationship which exists between BUC066siV9 
generations. 
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We theiefore see that the embryo, or the individual, 
is formed from one, and one only, of the first products 
of the division of the fertilised gemi-eell, the rest of 
these products forming the other body tishuos. This 
idea of the continuity^of the germ plasm is the greatest 
contribution of modem embryological reLicareh. It is 
quite fundamental, and no clear undcrstdndin" ('f what 
is involved in the making of a man is possible without 
it. It teaches us that <ho lino of ancestry and heredity 
is from one generation of germ-cells to anotlKi, directly, 
and iiovur thiough the individual from the onibryo, 
which, indeed, is a mere side produet in the eonlinucd 
chain of events. The indiviilual is practical ly the 
trustee of the germ-eclls, but not their maker. No 
embryo, and no individual, over made germ colls ; 
the latter existed first. 1"ho ohjcft of the embryo 
is obviously to protect and nourish the germ-cells 
which have been placed within it, so that they may 
be available in duo time for (he i)roduetion of further 
geruX'-cclls, and so for the continuity of the race. Hence 
it. is the all-jHirvading truth of natuial .'>election that 
the interest and survival ot the individual is almost 
of po account ; that of the speeies or the race being 
the paramount consideration. 

Onoe these hicts be grasped there is no longer any 
difficulty in understanding ^hy the process of repro- 
duction in any given species always results in the for- 
lUation of euibiyus which resemble each other in all 
the main characters of their species. It could not be 
otherwise, because they come from ponions of idonti* 
Oally similar material, a common gcnn-plasm. In 
other words, the individual inherits nothing from its 
^l^iVUltB. He merely receives in his turn the material 
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ixiholitaiice in the germ-plasm which was theto ft 
generation before him. 'f 

In so far as thcio has boon no g/^rminal variatioii. 
ho hnd thc> will be similar Hciue the commOft 
obseivalion Ihit tl < child Lcscmbhs the parent TrOie, 
so he docs but nut because lie gets his charactelie 
from them but si]n]>ly bciaiisi he and they obtain 
their chsiacloH In fiom a (ommuii souicc To many 
this thought will Ik p(ihip'» a m w om It is OHO 
of the most intdpiclny leli is which scieueo has giveft 
us, and in its ahscnci no leal gi isj> of th( oiigin of tho 
physical iiuntal and otliei diuacUn if there beany, 
of the cnibiM) can b< undeistood Ihc piosent writer 
has tdsewhen siimmiiiscd tl is thought as follows : — 

“Man is composed paitly of eh u ictenstics, which 
are derived fiom pic cvistin/ gdin cells and over the 
possi'ssiun of vdudi lie his no eontiol whatsoever^. 
Be they good liad oi iiidilhicni the si diaiactoiistiCs 
an Ills fiom lus ant^slij m virtue of his inheritance* 
The possissnn t lie so diaiai ttristics is to him ft 

matter ef ncilhci blame noi piaist but of necessity. 
They aro m* vi* ibU ’ 

The cPihivo thdi which is to foiiu the individual 
starts its cored with a cdtam number of innate ger- 
imiial diaracUii tic^ which manifest themselves in tl^ 
foim of tdielcm s to glow in this direction or that, 
Duiing the jKiiod of g< static i a good many of these 
tendencies aie well devclopid while a good many mote* 
only mamhst their evaet nati re in later hfe. But it 
is upon the basis ot these kneldKics—and upon 
othd — tint the making of tlio individual is possible.^ 
They n present the total isscts available for the 
mation of chaiactci Nothing of any new Jdni 
be added to them. 
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All ‘tfiat con be done under the best conceivable' 
oiroumstances is so to airango the environme^nt and 
aojtotindings of the em})ryo, and the siibhoqucnt indi- 
vidual, so that those h'ndoii^^h^s are a( tc'd upon in silch 
away that the best an^ dovotqH'd and lli<* woi^t elimi- 
nated, It inu^'t bo rom< ndionnl tlial A iiiuior the 
constant action of evoiything that oon^Ntiliitc tlie en- 
vironment of an eniliryo that tlio mas- of f)(>dy cells 
•gradually grows intt) a loi ogiiistil)le human iK'isonality, 
The question thou aiisc‘s, What aio th. factors 
cstleruu,! to the embryo wlnth cmus(' these germinal 
t^dencies to become active and fulK dLvelojxjd? 
Th^e factors are those of (a) noiiii dimont ; (b) use, 

or exercise ; and (r) injury. In the oa^i' of the human 
epibryo by far the most iinpoilant ot these three 
factors is the first. A ])ioi)er suppily of nouiishmont 
and food, that is to say malein«d hiitiition ot ade(|uate 
quantity, is sufboicsd up to the tipie (»f both to cause 
the inborn tendenck's in all the l)ody-c(‘lls gradually 
to assume the s])ooial ohauwtenstic*^ of rnu-^ole bone, 
glazMl, nerve, and st) forth, >vhi(h male tlio human 
embryo. After the ]>oriod of embr\oji> life Is over, 
l^e ^stimulus of nuirilion Ls still sullKiont for some of 
,Aheim body-cell'^. Thus \\e find that the hair, the 
teeth, the internal ears, aii<l the organs of ro])roduc- 
tion, all grow to their full development in the absence 
smy other faetoi or stimulus than that of nutrition, 
But> OS wo ako know, this sni\ple stimulus is not 
SU^ck^t for most of the other body tissues to develop 
|p]|K>parly. They require the aiklitional stimulus of 
Olli^ise which, indeed, may bo said to liegin even 
bt^tlUe life of the cmliryo. AfbT that it is quite hope- 
expect a healthy embryo to develop into a 
unless to the stimulus of nutrition there ie 
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added that of exercise. It is from the varying 
titles and qualities of the three factors of nouridiment^ 
'exercise, and injury, that part of the explanation is 
found for the variation in individuals of the same 
family. Starting with a gooci* many of the same 
inborn tendencies none of tliem afterwards receive 
quite tli(> same kind and amount of these stimuli, 
under the action of which they develop. And so we 
reach the second point, namely^ that, in addition to 
innate characters certain others are subsequently 
acquiied by tlio embrj^o of the individual in response 
to particular stimuh acting from without. 

Hero wo are upon ground uliich is more or less in 
our own choice or control. It is impoasiblo to alter 
germ-plasm ; but it is not imjxissible to control the 
environment in which it exists. To these two groups 
of characters, the germinal and those acquired under 
stimulus, there is be added the third group which 
we have mentioned on a previous page, namely, those 
that are usually termed variations. For example, one 
occasionally rinds that one individual in a family, the 
parents of which, and the other members of which, 
ore quite normal, may bo bom with six fingers instead' 
of five. Similarly one of a family may have a varia* 
tion in the direction of an extraordinary capacity lor 
the acquisition of knowledge of certain t3rpes. Hence 
the genius in music, mathematics, memory, morality, 
and so forth. As w^e have ^cen, these variations are 
termed spontaneous, to express the fact that we ato? 
at present ignorant of the laws in accordance with* 
which they arise, though, of course, it is under8toQa\ 
that those laws must exist. 

We have now surveyed the whole field of the pomble 
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origm of the characters of an embryo, and these may 
be summed up in the following tabular statement. 


Aa Embryo is 
made up of 


" A. Inborn Characters — 

• (a) Inhor t/>H \ mg un- 

der the stimulus of 
nutriment 

^ (6) Variations. 

13. Acquired Characters, obtained 
(a) By iiutntir^n. 

(i) By use. 

(c) By injury 


The differences in inebviduaLs with which wo are also 
familiar, are duo to the varying proj)ortionH of the 
characters in the above table, ^’and tho characters 
themselves are those w^hich constitute all tho possi- 
bilities for any given person. 

Should the reader doubt this, or bo sceptical as to 
whetiier tho whole of tho making of a man is contained 
in the above simple scheme, it would not bo difficult 
for him to convince himself that the statement is a 
true one. Let him put down this book and take a 
sheet of paper and a pencil. Rule tho sheet of paper 
into three columns, and at tho top of each column 
place a heading as follows : inhented ; Acquired i 
and Variations. Thus : — 


Inherited. 


Acquired. 


VariatlonB. 
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Lot him then proceed to think of as many defliiDtite • 
characteristics of his own as lie pob>ibly can, and then 
enter these characteristics in the column which be 
deems appri'piiato. It will ho found that with the 
great mijoiity of (hauu ten'll ics no difficulty will ho 
prosenUd and it will lx ipiiU impossible to think 
of an;y thing whidi is a phjsir.d ]uit of lumsclf, which 
cannot be placed in one or olhci of these three cate- 
gories. K\in though there may 1)0 a httlo diffietilty 
as to winch column should claim the entry, it will bo 
found that this due lathcr to indecision on the pait 
of the uMch I than to din thing clso. It is not becalise 
he can nud'mc an> otlur oiigin for the trait which 
IS for liio municrit jui/zling, but sunjily liceauso he 
may be iiiKdtaiii as to wh tlur it is an inborn char- 
acter, or one duo to the subH(|iuut action of circum- 
stances, llnis ho vni hi\o no dillrulty in plaoiilg 
in the liisl eoUuan such ihaiac ti iislu's as the posseO* 
fiion of (du* no i», two ejes, the' colour of his eyes^ 
lierliaps the iiape of his no^o, and so h^rth, these all 
being gci* inial niheiited charai ter^ Ecpially simpb 
is it to i'^ec tint m the second column must be placed - 
suedi paits ot Ijis iiieh\idualil v as speech, writing, the 
6 izL of liis muM ks at the mennent and so forth. Those, 
obviously ha^e lesultcd lioin the action of circumK 
stances on inboin caiiacities No embiyo can speak 
or write, though it has within it the inhented capaoity 
to enable it to loam such i lungs. Finally he may 
find it difhcult to think ot anything to place undo^ 
the heading of Vaiiations ” ; but, on the otb^ 
hand, should ho hap])en to be a genius in muaiu^ol*^ 
mathematics, or the possessoi of six toes or a 
mole on his arm, these will mehcate to him 
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jth^fc t^yoy are of the nature of “ Variations.” (It ibust 
^'ihembered, however, that they may be trans* 
imt^ to successive generations, in which case they 
b^ome germinal characters.) 

' ;in a similar way if, the reader desires to out 

this analysis of the chanieters wdiieh make an embryo, 
.and which, therefore, afterwards comprise tii(3 possi- 
bilities of an individual from iho i^oint of view of the 
stimuli under wliioh tli(-y an? devcl(>]>(‘fl, lu3 may easily 
do. so. Another sheet of ])aper siiuilarly dividcid into 
three columns with the headings '‘Kulrition, and 
[njtuy,” will enable liirn to see how his individual 
characteristics have alt aim'd their present develop- 
ment as the result of one or olher of those stimuli 
acting upon the germinal or iiihcriU?d teiulericies. 
Without going into detail in tj/is matter one may 
sUuply note that under the headijig of '‘Injury” will 
come all those parts of himself of wiiieh he has become 
.possessed as the result of disease? or accident, whether 
this be physical, mental, or moral. 

> ‘'"Now wo have completed Avhat wan necessary to 


lanlye at our conclusion of what it is that goes to the 
;I|ialdng of an embryo, and therefore of a human being 
personality. The conclusion is that every charac- 
which it is possible for an individual under 


'jjliy circumstances whatsoever to j^osscss is traceable 
llj^^atcly to the action which takes ])lace between 
^1^ it^erited tendencies and his natural environment, 
lenvii'onmciit, wluiiher it be phj-sical, menial, 
ethical, spiritual, or whatever other can be 
can only produce the whole individual by 
of acting upon w^hat is already present.- To 
nothing can bo added except in the environ^ 
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meni ; from that material nothing can be taken away ; 
the most that can bo done in this direction is to hinder 
its growth by suitable procedures. Hence the troth 
of the phrase that ** education is nothing more than 
the giving or withholding of opoortunity.*’ Hence it 
is so entirely true that it is impossible to make a siOk 
purse out of a sow’s ear, or to gather grapes from 
thorns. The importance of thoroughly realising these 
simple facts of embryology should at this st^e be 
obvious. They constitute possibly the most important 
lesson which is demanding attention at the hands of 
modem teachers, parents, and sociologists. 

One further word More wo leave this part of our 
subject. It is obvious that of our total charaoteristioB 
some are acquired and some are inherited, and the 
question then arises. How much is inherited in an 
embryo or individual, and therefore unavoidable, and 
how much acquired ’ It would bo beyond the scope 
of our sulqoet in this place to enter into detail in t^s 
matter, but it \.ould not be right to pass the question 
by without p)inting out that a careful analysis of 
individual characteristics will show that under the 
heading of " Inherited ” wdll be found principally the 
physical traits When the reader comes to estimate 
his mental and moral oharactaristics, a very few 
moments’ careful thought will prove most conclusively 
to him that these must be entered up under the heading 
of “Acquired.” If it w^ere not so progress in those 
direotioDS w'ould bo practically hopeless. But plain as 
is this tnith, it is one w^hieh ih far from being realised^ 
by many well-educated people. 



CHAPTER V 

FERTILISATION AND EARLY DEVELOPMENT 

Wb may now tam our attention to tho crmbideratioii 
of some of the phenomena connected with tho oarly 
processes in the development of tho embryo. We may 
assume that tho eggs and sperms have reached such a 
stage in their life histoiy that thi y are now mature. 
AU that is necessary in order that the development 
of an embryo should result is that union of the two 
elements should take place. Many complicated changes 
have occurred in tho constitution* of the*?© eggs and 
sperms before this stage is reached, but into these we 
need not enter. It will eutlico for our purpose to 
assume that they are now mature. Then as the result 
of a natural instinct which suggests certain thoughts 
and emotions to the male and female animals, which 
in tom are followed by certain definite acts, the sperm- 
oell from the male and the egg or ovum-cell from the 
female are brought into contact. This contact takes 
place in such circumstances that tho united elements 
are able to be protected and nourished and so, fertili- 
sation having thus (x^currorl. development begins. 

The characters of iheso two wonderful cells, which 
hjt titeir onion ultimately cause the production of an 
cmhiyo, ate briefly as follows. The element from the 

(Im sperm that is, is an extremely minute cell 
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which is only about of an inch in leng^h^ As 
seen under a high po>\ci of the miciosLope it is com- 
pcwed of tA\o poitions %\hich are spoken of as 
and the tail The former is a flat oval part, and, 
behind this is the loundid body ending in the long 
tail Avhuh IS ^ome foin Idths of the total length, 
long tapuiiu t 111 gj%es to the spcirn its povei of move* 
nicnt foi It IS Hippostd th i 1 as the i< ult of the lotating 
or Idsluiij^ im>\c Hunts ot this tad tlu cill is propelled 
Indeed i*s i ito of mot on his bitn ictually studied, 
and estimated to be at about oiu tighlh of an inch per 
minute. 

The ftll contijlmtcd by tlu f male, the ovum that 
IS ha Mint I a (liiUnut tuiciuie and imerosoopical 
appiaiaiKi (ompiud vith most rdl, it is rather 
large almost louiui sln])( luMug a diameter of 
about nuh T j> to tlu lime we aie now con* 

sidcimj: ihis ((11 aloi ^ with a u,j( at many others like 
it, Ills ludi st u(d withiii tlu fdiiale o\aiy, fiom which 
oigaii ail ( \uui )Kiio(lu iU\ (st iprs Unless fertilisa^ 
turn tdl s j luc b\ union w ih x spurn the dibchlOgedi 
ovum ])di Irs Should howc\d Lho F>perm-cel) bei 
avail ibh and should it hi\c been able to re$totl 8 b 
situation nt which fcrtihsation can take place wittdll), 
the chain if e\dits wlu h constitute dovelopmCitlt 
begins But lifoic fdtilisation can take place the 
ovum his unde 1 gone whi< is called the procoBS of 
matui at ion in which it duidcs twice, giving off twO 
email poitions of itsdf in the piocess. The result of 
this lb that half the number of ehiomosomes in Abe 
ovum are lost This process of matui ation has 
taken place in the spciiii before it leaves the bddjf 
the male. 
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these t\vt> cells meet, the actual fusion of their 
iMhttial takes place, the head of the sperm penetratmg 
hito the substance of the o\um, and the body of tlie 
sp0mii completely fusing? ^ith the nucleus of ovum. 
This gives nse to A\hat is called the Kgmentation 
lyttbleus.’* It TV ill bo obsoivtd that uo now ^ have a 
cell in which the full nuinlnr of chromosomes for that 
partioular species is represented onto more But 
this full number has now been made up two 

diffetent o^urces half from the clemont- contributed 
from the male and half from those of the female It 
is at this stage that the inherited tendencies, earned 
in the germ-plasm on the two sidfs of the ancestry, 
beoonie mmgled, and fiom thenceforward the division 
of the fertihsed cell into many ccil descendants goes 
on With extreme rapidity * 

Two different lines of germ i)lasjn have thus been 
iAtifnately mingled and the actual sigmficance of this 
mingling has given rise to one of the most acutely 
debated points m all the problems of heredity Put 
into quite plain language tint problem is— What is 
the fupction of sox ? It is no pait of our task here to 
ansWet that problem but it is of interest to point out 
pmisoly at what stage it f»ccurs in cmbijology The 
obvious answer, however, may be advanced that the 
funotiOA of sex is to mix the chai actors of the parents 
In such a way that some from ea.( h souice will be found 
i|^,the offspring But how these arc mixed whether 
as painters mix two colours and produce a tlurd, or 
as^wo packs of cards aie mixed having different 
Utiwbiaa backs, is quite another matter 
^ ^Blb&trtilised ovum now commences to form a number 
|^Ot^ai|QfHasnve generations of cells, and this it does by 
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dividing into two, four, eight, Bixteen, th&tr^^two, 
and BO forth, until a number of cells have been |iio* 
dnced which arrange themselves into the form^OT a 
ball. The surface of this ball re* 
scniblcs thao of a mulberry, each 
elevation coITO‘^ponding to a eell. 
Tins mass is tcimed by embryologists 
“ the morula.” (Beo Fig. 1.) 

Next, vitliin this morula some of 
the cells become condensed into one 
pnrlicular portion, leaving a space 
which contains fluid. T’ho ball is now no longer solid, 
but has a portion oonsmting of cells, and a portion 
consisting of fluid. It is nov called a “ blastocyst.** 
(See Fig. 2.) 

The cross-soetiofi of this shows the cells project* 
ing into a oa\ily. This is Iho 
firbt attempt of the ftrtilis(Ml 
ovum to form itself iiihi tho 
different K\ers, which aro 
ultimately going to give nso 
to all tho different tissues of 
tho embryo. But it is in- 
teresting to know at tliis stage 
that tho outer layer of folks, 
those represent mg a margin in 
tho figure, has nothing to do 
with tho forming of the ('m- 
bryo at all, but gives rise to a structure whose funciioii 
afterwards is to bo that of nourishing the growing 
embryo. -* , 

The next obvious change is that the cells at the 
portion of the mass which projects into the cairUgr 
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appear to got flattened out — at any rate they obviously 
arrange themselves in a definito and separate layer; 
and this layer in its turn proceeds to ga on growing*by 
division of its cells in such a ay as to foim another 
lijitle closed cavity tlic larger one. I'liis cavity 

termed the “ yolk sac.” (See Fig. 3.) Then another 
little cavity occurs, tliis time within the original pro- 
jecting cell-mass. This cavity is tinned by embry- 
ologiats the ''aniniotic cavity/’ and the ulU which 


AMNlOTiC bWACr 
eMBRVONiC AREA 


Fig. 8. 

line it, and which in their turn become arranged as a 
separate layer, form what is termed tho ''embryonic 
ectoderm.” (See Fig. 3,) 

It is in this rc^gion, and in that of tho yolk sac which 
lies just underneath it, that tho future growth of the 
embryo itself occurs, and the p>rtion is therefoie 
tonned tho “ embryonic area.” (See Fig. 3.) 

to this point we have seen that two layers of 
oeJDb hitve appeared, one round the yolk sac, called the 
**0ptoderm,” and tho other lining the amnion, caUed 
Ihe *'eotoderm.” After these two gonninal layers 
hhve ittade their appearance, a third layer comes into 
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existence, which, because it begins growing from the 
embiyonio area, and lies between the two already 
mentioned, has received the name of the “ mesoden^/’ 
This third germinal layer divides into two portions 
before very long, and the spaeo* l)etwecn these two is 
that in which the body ea^^ty itself subsequentfy 
arises. One part of the mesoderm, situated near one 
end of the embryonic area, is sjieeially important, 
because in it are formed the blood- vessels which supply 
the embrvo, and vhich ultimately afterwards become 
the *“ umbilical cord,” which forms the conneotion 
between embryo and mother. 



CHAPTER VI 

FAHLY DLVI1.L0PMKNT 


Tsh early development of tho embryo nou pro(!eedB 
rapidly, and its appearance at tho blago wo have just 
been describing IS thus stated by Dr R W Jolmstone — 
** If the ovum at this stage bo 1 3okcd at from above, 
tiie embryomo an^a appears as a small shaded oval. 
The shadmg is duo to an increabtd growth of cells, 
because hero the three geimmol layers— ombijomo 
ectoderm, mesoderm, and cntodchii — are in contact. 
At oi^e end a patch of darker shading indicates a still 
jpeater growth of cells. Rumung forward from this 
is ft band — ^tho primitive streak — m tho centre of which 
Ues a darker Ime— the primitive groove At the far 
(anterior) end of tho pnmitivo gioove there is a dark 
ifpot — Henson’s node — from which still another streak 
runs forward, the head proccvsn, LaUr, m front of 


plialfiive streak, a thickened band of ectoderm 
imieaiB, broademng out postenorly. The edges of 
ms band rise up Uy form two folds which meet an- 
teiiorly. The groo\o between them is the medvllary 
groove^ and ultimately thc} fold over and uiuto to form 
iheLllstfraZ canaL (See Fig. 4 ) 

*fAloiig the line of the primitive streak all three 



Superficial to it is 
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the* amnion, and below it is the yolk 8ao< Th6 embxy- 
onio area is the only part of the ovum which has to do 
wi^h the subsequent development of the embtyoi 
the other parts of the blastodermic vesicle beoomo 
subservient a.s nutritive or supporting stnictuies. 

“ At this stage, and for the first three weeks of 
existence the embryo is a ‘ flat diso floating on the 
surface of the yolk sac.’ (M Mumch.) ” 

This IS followed by a folding of the embryo, due to 
the enlarging of the ammotic cavity, the result being 
to t)Tm what may be termed a ''head-fold** and a 



“ tail fold ” A further fold, however, occurs at the 
sides which bend in, so that the whole embryonic mass 
at this stage comes to foim an incomplete tube^ the 
incomplete ^K^rtion biuig the lower aspect of that 
tube. This nmiains open. In duo time this lower, 
or ventral i)ortioii, becomes completely close*!, exoej^t 
just at one point. This point is where the oonunum- 
cation exists between the in^’ide of the tube, which is 
the embryo, and the yolk sac. A part of the yolk sao 
is thus included in the embryo itself, and this has an 
important bearmg upon future development, because 
in the course of time this part comes to be the alimentary 
tract of the growing embryo. The canal whio)i joiilii 
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the yolk sao to the internal gut of the embryo (the 
vitelttoe duct) ultimately forms, together with part 
of the yolk sac, the umbilical cord. This cord, which 
at the time of birth is artiiicKiliy severed in order lo 
free the fully dovelopocj embryo, Is at tlus stafire con- 
neeted to the liinder part of the body oi tno embryo. 
As the latter grows, however, it elongates still more 
behind, in what wo should regard as the tail region in 
animals which had a well-maiked tail. As a matter 
of foot, at a little later stage than this there f quite a 
conspicuous tail in tho human embr3'0, which, how^oyer, 
comes to be cmbcJdiM.1 in tho tissue's laU'i* on, and so 
never forms any exU'rnal aiqx'udagc. 

So that at this stage wo have tho embryo ri'preaent- 
ing a mass of cells whc'h have gradually arranged 
themselves, and been arranged, in, the foim of a tube 
more or less bent, and attaelied ni'ar its hinder end 
to the tissues which arc afterwards to lepieseiit tho 
umbyical cord. 

We have neglected to describe the organs and 
structures which aro developed after feitihsation as a 
further means of protectmg tho developing embryo. We 
have done this of set purpose, because these structures 
~known as tho “ trophoblast ’’—require a consider- 
able amount of techmeal knowledge to understand. 
Any detailed dcbcription of them, therefore, would bo 
out of place hero. All that is noceasary for us to say 
is that they are intended to servo as a means of nutri- 
tion for the developing embryo, and take no part in 
tfaa, actual formation of its cells and organs. One 
poriston of it, however, has another function which may 
\m mentioned. It secretes, it is supposed, a kind of 
*I^UUentT which has the power of dissolving or digestinig 
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otlier cells, and this is of great importance at one etagi^^ 
of development — ^namely, when the ferhlised otum 
comes to reach the womb, or uterus, in which it fa to 
pass the rest of its developing stage It is believed 
that some of the cells in the wall of the uterus are dis- 
solved and digested immediately round the ovum 
itself, wh^ch thus comes to he in a cavity in the uterine 
wall This process being cariied still further allows the 
ovum to sink dotiKi and dee|x.i into the hmng 
branc of the uterus Dltimat(.l> the ^xunt of entrance, 
where the ceils wcio digested is elosed up by the for* 
mation of a clot of blood |xmied out at that spot, and 
which thus (iituely covers in tht ovum The latter 
now comes to he absolutely embedded m the wall Qf 
the uUrus m a Cd\it\ which it has itself formed. It 
does not, howe\ci or( upv the whole of the cavity, but 
IS surrounded by blocd which is escaping froufl^ the 
minute blood vessel ot tho wall in which the cavity 
has be^n made llub blood is of eoursc, the maternal 
blood Thus VI c ha\ t tl e ovum t ompletely embedded, 
lying fieo in a tiny civity in the mucous membraile 
hmng the ul^nis a eavit} full of blood, m which t|ie 
ovum lies bithed, and from wluch it presumabty 
absoibs Tiounshmcnt by c»smo^is through its 
blast *’ (li \V Jidiiibtone ) 

The utciiiK viall after this embedding of the pTWSk 
within it, undeigocs a remaikablo growth at this pca|^ 
tion, conccimng which a werd must be said. Und^^ 
normal conditions this wall is smooth, or nearly ^ 80 , 
but probably there aio upon it some shght irregular^tba 
or projections which aic sufhcient to catch the OVWn 
when It enters the utenne cavity Apparently It idSjL 
be arrcbted in this way at any part of the waU^ 
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that It becomes embedded in the maimer we have de* 

aoxibed above. The lining membrane of the uterus under 
oxdiimry conditions measures about ono-eighth of an yich 
in thickness, but, after thc‘ owim has beeomo embedded 
in It, it begins to iii(re«uso until it reaches much as 
half an inch. UndcuKath t}u> linuig membrane lies 
the muscular part of ilic uterine Tlio ovum 

* itself is embedded at)out the middle ck])th cf the hning 
membrane, but as it routmuos to gi<nv, and increases 
in size and dimensions it inojc* Is moie and more into 
the uienne cavity, that hting the djicclion of •least 
resisianCe. Before very long the einbiyo as it now is, 
has reached .such a iu its giowth th.it it entirely 
fills the cavity <^f tho iitoius Tins stage is reached 
after the tlurd month of gestatimi 
Aiiothor btiucturo, comeimn^ ^\hull iust a word 
must be said, is that known as tho ‘‘ j)lacentn,” or more 
oopmonly as tho after-biitli.”* We need only say 
that this is fiist dcvcIo]Kd by means of a number of 
little outgrowths by means of winch the caily embryo 
is attached to tho wall of the ca\ity in whieh it lies. 
These outgrowths giow in^o the utiMine tissue aroimd 
the ovum, and they allow of )>Iood circulating between 
them* They have, as a matter of fact, two distinct 
functions to jierfoim— fast, that of fixing the ovum in 
portion, and, secondly, they allow of the maternal 
blood circulating in the spaces between them, and it 
k from, this blood that the embryo derives its nourish- 
ment. Tho blood-vessels ultimately connect with those 
gl^the umbilicus, and thence reach the embiyo. This 
the placenta, at the time the embryo is fully 
djpU^IOped at birth, is a lound stiuoture about nine 
Wbm limK>ss, and not quite an inch thick in its middk. 



g» EfilBRTbtOGT 

t •. K 

becoming thinner towards the edges. The surface of 
it next to the infant is smooth and shiny, beneath which 
it is rough, that next to the maternal structures beii^ 
dark-oolourod, somewhat Uke flesh. When the child 
is bom, the severing of the umtilical cord allows the 
placenta to remain behind in the uterine cavity, whencd 
it is usually expelled shortly afterwards. Should, 
however, tlii.'^ not be done, and the embryo and the 
placenta bo born together, the child is said to be “ bom 
with a caul,” an event Avliich has given rise to many 
auperktitions. 

The foregoing deseripiioii of the principal events in 
the development of Ihc embryo will bo sufficient for 
our purpose hero, b^uilhcr deiail*^ on the subject would 
necessitate a considerable knov iedgo of physiology and 
anatomy, and those .eader^ who desire to study the 
details of the .subject fuiihcr may do so in any of the 
various works referred U» in the bibliography appended 
to this book. 
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TH® BEGINNINGS OF THINGS 

Wa may next turn our attention to the developing 
embryo at a very early stago, and nolo which 
parts ot its growing coll^ the didoront Htructures are 
ultimately developed, remembering all the while that 
all the subsequent division into specialised tissues is 
the result of the inherent possibihties in one single 
fertilised germ-cell. 

It will be remembered that, as»the result of the sub- 
division of the fertilised germ-cell, wo had the forma- 
tion of three distinct layers of ceils. These layers we 
saw were termed the germinal layers, and were named 
respectively the “ ectoderm,” the “ entoderm,” and the 
‘‘mesoderm” — ^the last appearing between the two 
former. It is from these three germinal layers that 
all the subsequent stnictures of the burly take their 
origin, and although wo cannot attempt to follow out 
in detail the growth of all these sjx3cial tissues, it will, 
nevertheless, be of interest to note, in the briefest 
possible way, from which portion of tho embryo they 
subsequently arise. Some of these we may afterwards 
ISkOte in detail. The total result may bo summarised 
by simply giving a list of the various tissues, and the 
ceiiiesponding embryonic layer from which they come. 
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A* From the ectoderm arise the following struo- 
tures : — 

Epidermis or skin. 

The hair. 

Various glands. 

The lens of tho eye. 

The whole ner\ous system. 

The nerve ])cu ts of tlie tenso organs. 

The memhiane oi tlio mouth. 

The enamel pait of teeth. 

% The niembnnie of the nose. 

The lower pait of the bo^cl. 

B. From tho mesoderm aiiso the following strao* 

tures . — 

Tho coiuieeUve tissues of iho body. 

The bones. 

The teeth, except the enamel. 

All the muscles: 

All the blood vessel of tho circulation. 

All tho \e ^els A\lueh cany lymph. 

The membranes of the heart, lungs, and bowels. 
The kicbio^s and their <lucts. 

The reproductive oigaiis. 

Tho blood itself. 

The fat an 1 the marrow'. 

C. From the third layer (»f the embryo, the ento- 

derm, arises • — 

Tho hniiig of the aliment try tract 
The limng of tho larynx. 

The lining of the trachea and lungs. 

The cells of the hver, the pancreas, the 
and thymus. 

The structure termed the notochord. 
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IVom th^ above brief summary we see that the com* 
ponent tiasues and parts of the body can be divided into 
three groups, each of which originated in one of the tbfiee 
embryonic layers. Moreover, if these three groups be 
Borutinisod a little mofo carefully, they n«M 
differ very markedly from each other in the structures 
and tissues which are derived from them, l^hus the 
structures from the entodc'rm (see Q are practically 
either in the nature of glands, or the lining of the ali- 
mentary tract. Those tisbues coming from t lu mesoderm 
(see B), on the other hand, comprise most of w'hat may 
be '’termed the supporting tissues of the body, such as 
the bones and the muselos and ligaments, as well as the 
vessels which eonatituto th«* great eir»*ulation of the blood 
and lymph. But perha])*) tiio most remarkable of all is 
the list of structures which take their origin from the 
ectoderm of the embryo (see A). In this list will be 
found the most important structures in the whole 
human body, as well as some of those which are appa- 
rently of far loss HcrifHis imiK)rtaiice. It is rather 
surprising to find, for example, that the whole of the 
nervous system, including the brain and spinal cord, 
and th^ organs of special sensation, should be derived 
from the same layer of cells as gives rise to the very 
simple cells of the skin, w'hich serve merely as a pro- 
tective cpvering to the other tibsucs. It is curious 
also to observe that in addition to brain and skin, 
pajtte of the teeth also arise from this external layer. 
Ev}daatly then this ectodeim or outer layer is of the 
yeif gpreatest importance in embryology, since from it 
aiUsQ aJl those parts of the embryo itself which ore the 
mmkt important in its future life. 



CHAPTER VIII 

THE BEGINNINGS OF THINGS {continued) 

have now considered, as far as is compatible with 
the character of a work of tliis kind, the beginning 
and development of the embryo taken as a whole, and 
for the remaining part of our study of this subject we 
may devote f)ur atUuition to the beginnings of some 
of the more im|K)rtant organs and functions in the new 
individual. It will* be imiH>fisiblo to deal in detail 
with all the important parks which ultimately consti- 
tute the new personalia y , but a selection may be made 
which will give .some general idea of how great results 
spring from very small IxsginiiingR. What will be 
said hei-c it may be hoped will bo just sufficient to 
stimulate the interest of those to whom the subject 
appeals, and who may then turn their attention to 
some of the larger works which go into greater detail 
in this subjeci, a list of which will bo found in the 
bibliography at the end of this volume. 

It must he remembered that quite a large number of 
the characteristics that wc usually associate with a 
normal human being only come into existence, oi at 
any rate only become obvious, at some period longer 
or shorter after birth. True, these charaoteiriaiios 
depend for their ultimate appearance upon the develop* 
ment of the ooiiesponding structures and organa in 
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the groiviiig embryo, but in the ease of some of these, 
those organs are not fully developed in embryonic life, 
and the manifestation of tho functions associated i^ith 
them may be delayed perhajis for years. This is not- 
ably the case, for example, ivilh tho reproduclivo organa 
Vhich, though developed during tho lito of tho embryo, 
remain functiouless until tho period of adolescence. 
The development of tho human mind and intellect too, 
although depending, of course, upon the embryonic 
growth of tho brain and tlio nervous system generally, 
is a matter of time and the environment subsequent to 
birth. It should bo realised, however, in this connec- 
tion, that tho mmd of the now individual, and all that 
is involved in that term, dales back ultimately, as 
regards its possibilities, to the moment at which the 
two germ-cells from the male {wid female respectively 
united in fertilisation. Tlio adult mind develops from 
the mind of tho infant. Tho infant mind appears as 
tho result of the possibilities and tho brndcncics which 
were inherent in the gerin-celLs from which not merely 
the brain but the w'hole embryo sprang ; in other words, 
all that a single human mind connotes results from the 
possibilities in a singlo cell. Such a thought is a 
startling one indeed, and at first sight appears, perhaps, 
somewhat incredible. But a moment’s careful atten- 
tion to the problem will show at once that it is in reality 
no more wonderful than the fact that this single cell 
produces all the millions of other cells which in dne 
time give rise to the skin, bone nerve, bl(Kj<l, and so 
forth, which make up the entire body of the embryo. 
The human mind, therefore — and indeed the human 
A>ul, if that term bo used in any intelligible senf-e— 
takes its origin in the products of the multipIicatnonB 
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of germ-cells acted upon by their subsequent sur- 
roundings.' 

With this pa‘?sia" reference to the fact that sonic 
important parts of an indivichial only grow to theu* 
full mnnift stations after (inbryouic life, wo may pass 
to the consideration of tlu dt‘Vt‘lo])mont of some of the 
more int4*iesting pait^ of (hr oml^rvo il-elf. 

Amongst the nio^t striking, and certainly tho most 
interesting, of tho vaiions parts oi tho developing 
embryo, those which go to form tlu* sjK'cial btuses are 
prominent. Tlif^y are inlere.ting not merely from then* 
actual mode of grovtli, Imt especially al‘*o in cunnectum 
with their evolutionary hi dory, d'he studj’^ of how they 
have conic into their ]ir< sent statf' in the higher animals 
leads us back to very small b*ginuings — indeed, to tho 
time ^^hcn tlicro >\as no ^ach tiling as special sense 
organs for sight, iK'ariiig smc'll and .'■o forth, but nhcrc 
the organism had uhel icay be leimed a diffused tactual 
sense over and tl.ioughoid the entire body. In the 
course of tini'.* this diilu'^ed general sense bccamo 
specialised is) bettor example of whudi could be quoted 
than that of iho si'ose of sight, wlueh ''as referred to, 
as many of I'ur readers will doubtless remember, in 
Tyndall's laim -is Jiclfast addies<. He was referring 
to Herbert JSpii rep’s theoi\ of the manner in which 
vision evoU-d. He pni led out that, as abn\o 
noted in the lowest orgaia'-i'v sensation is a general 
thing difliLsed throughout the body, a kiivl of general 
tactual sense. As tho resu'i of environment, and 
gradual adat>tation to extemul intlueneos certam parts 

' Tho detailed study of this ea’-t of the suhiert is dealt with in 
the writer’s work, Th Oreatfit Lif' (Duckworth, London), to which 
readers who are interested in this phase of the subject are referred* 
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of tlio general surface of the orgnni'^ni became more 
lespotibivo to these external stiinuli than other parts, 
"riieso areas, being those points at vhich K'lisalion 
most afuk'ly felt, Mere nothing more or less than 
primitive sense organs.# Thus in th(' progress of • volu- 
tion the stimulus of the eye gradually became most 
pnjiKmneed in certain cells which contain ^)igineiit, 
those cells being more responsive to the light stimulus 
than the rest of the body. Tliat 'vvas the heginning of 
an eye ; a group of cells more recc*[)tive, more easily 
infhiencLu by light, than any other cc'lh. In a sligttly 
higher stage of c\olutit)n we find a special overgrowth 
of the skin which covers over the area in which these 
yiigraentcd cells lie, obvdoiisly a protective measure 
on behalf of the s])ccialised cells refened to. Then, 
vstill later, a lens is added, and the v.hole organ becomes 
morn and more adaptt*d to the necessities of the case, 
until it reaches tlio extraordinary perfection that is 
seen in the eye of such a bird as an eagle. On the 
same general principle, the other special senses aho took 
their origin from this general diffused tactual sense, 
certain cells becoming sjx'cially adapted for receiving 
the stimulus of sound, others for taste, others for smell, 
and so forth. 





CHAPTER IX 

THE BEGINNINGS OF THINGS {continued) 

It is not necessary to doscribo in derail the beginnings 
of ^11 the various structures which arise from that 
important layer of colls in the embryo which is termed 
the ectoderm ; but since it gives rise to that part of 
the embryo, which eminently places man in the first 
place in the world of animals, wo may select it for a 
Uttlo further description. Wo may leave out of account 
the beginnings of the skhi and the glands, and some 
other parts, and logk for the moment at the origin of 
the nervous system, whicdi includes the brain, the 
spinal cord, and the whole nervous mechanism of the 
individual. Piiice man’s pn>iniiienco dei^jnds upon the 
wonderful capacities in his nervous system, it is all 
the more interesting to note from what small and 
simple begimiings it has arisen. 

As we have already seen, at a very early stage in 
the development of the embryo, a folding of its cells 
takes place, so that the ux^per embryonic area assumes 
the character of a groove. We may confine our atten- 
tion to this groove for the moment, leaving out of 
account the other two layers of the embryo — namely^ 
the mesoderm and the entoderm. It is this groove, 
whioh thus early makes its appearance, which is sub- 
sequently to play such a tremendous part in the for- 
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mation of the most important structures. It is called 
the “ medullary groove.” As growth proceeds and the 
cells continue to multiply and increase in num})ef8, 
the two edges or lips of the groove gradually api)roxi- 
laate, and ultimately •fuse together. OhviVku«,|y the 
elfect of this is to transform what was the groove into 
a closed cavity or canal, which is therefore now termed 
the medullary canal. Arising in this simple manner, 
this equally simple structure is destined to become the 
central canal of the spinal cord, and the cavif ica in tlio 
brain, kno\^Ti as the ventricles. Tlio walls of this 
canal, be it remembered, are composed of cells of the 
layer of ectoderm, and it is these cells which, as we 
saw, appeared very early in the development of the 
embryo that are now to proceed to develop into the 
brain, spinal cord, and, in fact, * the whole central 
nervous system. At first the cells appear all similar, 
but, as development goes on, they begin to differentiate 
themselves into different kinds, some fonning the actual 
nervous ceUs of the brain and spinal cord, others 
developing into protective structures. 

The hinder or posterior part of this medullary groove 
and canal is narrower than the anterior portion. This 
posterior narrower part is that \vhioh gives rise to the 
spinal cord. It very soon changes its character by 
the appearance of a number of constrictions at intervals 
running along its whole length. It becomes, as it is 
termed, segmented, A httle later these successive 
segments are seen to corresi)ond to the pairs of spinal 
nerves which arise from the cord. For the first part 
of embryonio life the developing spinal cord is of the 
some length as the canal, but as Xia\e goes on the canal 
grows longer than the cord. This involves the nerves 
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coming from tho hinder portion growing longer than 
others. It is tho front or anterior portion of this 
mSdullary canal which is concerned in the development 
of the brain itself, and here, at an early stage, two 
very obvious constrictions appear in the region of 
what is to bo the brain, and these constrictions divide 
that brain area into three distinct parts, or vesicles. 
Part of tho j^osterior vesicle ultimately develops into 
the cerebellum, or little brain. Another part forms tho 
m^4§illa oblongata, that important hind brain in which 
lie so many of the vital centres of nervous energy. 
The central cavity formed by these constrictions is of 
comparatively less importance, forming ultimately what 
is known as tho mid-brain. The foremost or anterior 
vesicle, however, is of tho very greatest importance, 
and its subsequent changes aro more marked than 
either of tho othqr two. From it is develo]:>ed the 
great mass of the corebnim itself, together with various 
outgrowths from it which have most important func- 
tions. Thus tw'o of these outgrowths appear project- 
ing from the lower part of tho sides of the walls, and 
ultimately coming to reach tho outer ectoderm. These 
two projections, or pouches, ultimately form the optic 
vesicle. Still lator in development the whole of tho 
anterior vesicle is again constricted, thus forming two 
distinct parts, the foremost of which, growing rapidly 
in two halves on either sido of the middle line, ulti- 
mately give rise to the two cerebral hemispheres. 
These two cerebral hemispheres, therefore, arise, in 
the first place, as lateral enlargements of the anterior 
part of one of the primitiye constrictions of the medul* 
lary canal. In their outer layers cells continue to 
make their appearance with great rapidity, and thus 
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Fig. 6. — Diagram of brain at an early stage, showing the origin of the olfactory lobe, the^optic 
▼esicle. the cerebellum, the cerebrum, the medulla, and the spinal cord (after Martin). 
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is formed the cerebral cortex; and the remarkable 
thing about tliis all-important part of the brain itself 
if9 that all the cells of tliis cerebral cortex appear to 
bo produced during the life of the embryo ; there 
being in all probability none ‘added after birth has 
occurred. That is to say, the possibilities of the actual 
jihysical growth of brain tissue in any given embryo 
are fixed from the beginning. Brain tissue, in other 
words, is bom, not made. It is the manner in which 
it is treated afterwards upon wliich depends whether 
that given quantity of brain-cells displays its best 
l)otentialities or not. 

Wo have seen that the optic stmetures are con- 
cerned with this front portion of the developing brain. 
The sa,mc is true of the organs which are concerned 
with the sjx?cial scA ^o of smell ; for about the fourth 
week of the life of a human embryo there appears on 
the under surface of each of the cerebral hemispheres, 
towards the front, a prolongation which becomes the 
olfactory lobes. 

It is well known that the surface of the brain of an 
adult human being, or, indeed, of any of the higher 
vertebrates, shows ui^on its surface a number of con- 
volutions, and it is generally recognised, from a study 
of the comparison of different vertebrate brains, that 
the more convoluted is the surface of the adult brain 
the more highly developed is the animal concerned, 
from the point of view of brain power. The surface of 
the cerebral hemispheres, however, is quite smooth 
for some months of embryonic life, and the depres- 
sions w'hich give rise to the appearance of the con- 
volutions do not show themselves until about the fifth 
month, at which stage the brain is relatively large. 
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We referred on a previous page to the origin in 
evolution of visual sensation, and it may bo of interest 
here to note a Uttle more fully the beginnings of 4;he 
eye ih^elf in the embryo. As has been said, the very 
first appcaranco of these organs takes the f^rm of a 
|)air of outgrowths, or processes, which are hollow, 
from the front part of the anterior vesicle of the brain. 
These grow until they reach the ectoderm. A remark- 
able change then takes place. The portion of the 
hollow vesicle which reaches the outermost embryonio 
layer becomes folded in upon itself so as to form a cup 
with a double wall ; just as one might form a cup in 
a blown-up paper bag by forcibly jjrossing one portion 
of it into the other. This double- walled cup is of special 
interest, because from its walls is ultimately developed 
that very important structure in dbnnection with sight, 
namely, the retina. As soon as this is completed 
cells begin to grow from it towards the brain in the form 
of nerve fil^rcs, and these in time convert what was 
originally a hollow process or growth into a solid mass 
of^ nerve tis.suc. Tliis mass is the optic nerve. Thus 
is completed the coiiiiection between the outer surface 
of the eye and the brain itself, wliich is to receive the 
sensation. Then the ectoderm on the surface over 
the cup begins to thicken, grows into the cup itself, 
and ultimately forms a rounded hollow mass which wo 
afterwards reoogniso as the lens of the eye. Still later 
tliis becomes separated from the surface by another 
layer of cells constituting the cornea, and outside that 
again is still another layer wliich makes the conjunctiva. 

Subsequently the contents of this cup become filled 
up from other sources with a soft gelatinous tissue. 
Then the eyelids in time make their appearance in the 
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shape of folds of skin growing over the eye, and re- 
maining in contact until very shortly before birth occurs. 
And so we see that from this wonderful layer of ectoderm 
there comes gradually into existence not only the brain 
itself and the spinal cord, with all the nerves, but also 
the Bi)ccial sense organs of sight and smell. 



CHAPTER X 

THE BEOINNINQS OF THINGS (continued) 

Without entering into the description of the develop- 
ment the whole circulatory system, wo may^just 
mention briefly the origin of the heart itself, which 
begins at a very early stage by the appearance of a 
small body of cells, which come to arrange themselves 
in a tubular form enclosed in the mesoderm. The two 
halves of this tube are at first (lui^ separate from each 
other, but gradually come together and finally unite 
into a single tube with walls. The folds of these ulti- 
mately form the heart muscle. The organ, at this stage 
of its development, docs not lie Avithin the region of 
the chest cavity, as it afterwards dcK\s, but more an- 
teriorly in the region of the neck. The simple tubular 
arrangement, however, is quite a passing phase, and as 
the tube increases in length it becomes bent upon 
itself, somewhat in the form of the letter S. One end 
of it now enlarges and forms a pouch on each side, 
these forming the two auricles, right and left. From 
these auncles a partition grows vertically, and when 
complete, cuts them off from each other, except that 
a communication is left in the upper part (the foramen 
ovale) which closes up after birth. This partition allows 
of the blood from one side of the heart passing to the 
other. Another partition eventually divides off that 
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poition which has formed the auricles from the remain- 
ing portion which develops into the ventricles, which 
In^their turn become again divided by a still further 
partition. In this way the heart which, in the first 
place, was a simple tube, grows ultimately into an 
organ with four distinct chambers, two auricles and twb 
ventricici, the only difference from tins and the adult 
heart being the communication which exists through 
the partition separating the two auricles. 

The development of the organ of hearing is somewhat 
complicated. The first i)arL to appear is a portion of 
the inner ear, which shows itself as a round, hollowing 
of the ectoderm. This depression becomes deeper 
and sinks further in, while its floor becomes thicker, 
and finally the whole assumes the shape of a closed 
cavity. An outgrowth from this gives rise to the 
cochlea. The cavity becomes divided into two portions, 
in one of which the bcmicircular cunals arise. Around 
the whole, the embryonio tissue has been fonning into 
a strong probvtive covering, some of which finally 
becomes cartilage, and some bone. The middle portion 
of the ear is Ihe remains of a cleft in the side of the 
embryo. I'his cleft becomes changed into a canal by 
the closing of its edges, the upjKjr part ultimately 
forming the tympanic cavity, and the rest of it remaining 
as the Eustachian canal. This canal opens into the 
pharynx. In the cavity there aio subsequently de- 
veloped three small bones which play an important part 
in the process of hearing. After the birth of the embryo, 
air roaches the tympanic cavity, which then enlarges. 
One of the walls of this cavity persists as the tympanic 
membrane or drum. Finally the outer car, that portion 
which is popularly spoken of as the ear, is formed from 
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the upper portion of the same cleft which gave rise to 
the tube of the tympanum. 

We have referred in the preceding description to the 
origin of some embryonic structures from a cleft in 
the early embryo itself. As a matter of fact no loss 
than four of those clefts, or fissui’c^, appear in the region 
of the neck on each side, and are of the very greatest 
interest and importance in connection with embry- 
ology. They are termed the “ branchial clefts,” and 
are seen in the embryos of all vertebrate:;. In the 
human embryo there are four. They are situated on 
each side of the pharynx, and they correspond to 
the gill slits in lower vertebrates. 

Amongst other structures which arise from the 
important layer of ectoderm are the teeth. Of these 
there are during life two sets, a JLoraporary and a per- 
manent. The temporary teeth, though they do not 
make their appearance till after the birth of the embryo, 
still are partly developed during embryonic life, lying 
embedded in the tissues until the familiar process 
known as “ cutting the teeth ” takes i)laoe. This is, 
of course, merely the time of their external appear- 
ance. The fii’ht stage in the development, however, is 
a thickening of the epithelium of the gums in a direc- 
tion which is to coiTespond with the line where the 
teeth will eventually pierce. Tliis thickening is called 
the “ dental ridge.” This grows downwards into the 
underlying tissue in flask-&ha|jed growtlis. From the 
neck of each of those hasks there is a small projection 
which indicates where the permanent teeth will ulti- 
mately be. This first stage is termed that of the enamd 
germ. This becomes surrounded by cells which ulti- 
mately form a dental sac. Next, tissue from below 
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grows into tho flask, and the further growth of this 
gives rise to the enamel organ. Finally, enamel itself 
ai^d dentine are developed, and the embryonio tooth 
remains covered under the gums until it cuts them. 

Soiar we have considered merely the mode of develop- 
ment of the most important organs of the body, but 
wo have *3aid nothing of the most important supporting 
structure, namely, the skeleton. Tho earliest appear- 
ance of anything in tho shape of a skeleton is the 
structure known as the notochord, a structure of 
immense importance and interest in the embryology 
of all vertebrate animals, in which it is a temporary 
thing only. The first appearance of this notochord 
in lower animals is the earliest indication of the verte- 
brate type, because it is found that in the higher 
vertebrates it is the foi’orumier of the bony spinal 
column and the skull. It appears first as a groove 
underneath tho medullary groove, of which wo have 
already spoken, and its two lips unite to form a cavity, 
as did those of the medullary groove. In this case, 
however, the groove becomes a solid rod, then termed 
the notochord, and it lies immediately under the medul- 
lary groove itself, which, as we have seen, gives rise 
to the central nervous system. In the course of 
development, masses of cells come to arrange them- 
selves on each side of tho notochord, which they even- 
tually include, and at the same time they grow upwards 
and around the spinal cord which is thus enclosed, 
liater on these surrounding portions become cartilage, 
and, still later, bone ; the notochord meanwhile gradu- 
ally disappearing where the bony spinal column appears. 
This primitive vertebrate structure therefore, of the 
notochord, has the all-important function of coming to 
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enclose, and thus protect, the spinal cord and nervous 
system. 

As regards the other bones of the body, all that 
need be said here is that they are preceded by file 
structure which we know as cartilage, and in the bones 
of the limbs at two or three different points this carti- 
lage begins to be transformed into bone. These points 
are known as centres of ossification. 



' CHAPTER XI 

HOW THE EMBRYO IS NOURISHED 

Having noted how the embryo itself takes its origin, 
and then studied something of the beginnings of some 
of its most important parts, wo may now very briefly 
refer to the subject of its own nourishment. This has 
more than a mere academic interest, because obviously 
the proper growth ap4 development of all the various 
tissues and structures in the embryo must dei)end 
ultimately ux>on the nourishment with which they are 
supplied. Their own inherent characters cause them 
to divide and subdivide so as to give rise to the millions 
of cells which are required to make the body, but these 
cells, in their turn, are dependent upon out^de sources 
for tho nourishment which enables them to keep on 
growing, or to maintain their full growth when they 
have arrived at that stage. 

Nature has made many varied arrangements for 
this nutrition during embryonic life in different classes 
of animals. In some a considerable quantity of yolk 
is so arranged with reference to tho embryo that the 
latter can ^aw upon it for some time for its supplies. 
This is the case, of course, in birds, and in some reptiles. 
We need here, however, only consider the case of tho 
human embryo. 
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Three sets of structures are concerned in huidan 
embryonic nourishment, namely, tho Allantois, the 
Villi of tho Chorion, and the Placenta. 

Tho Allantois is developed in the form of a hollc^v 
bud from the posterior part of the primitive alimentary 
canal, and ultimately comes to form the •ai)i)iljcal cord, 
and tho embryonic part of tho placenta. It is this 
structure, tho allantois, which allows at a very early 
date of tho embryo establishing a blood-conncotion 
with tho rnatomal tissues, and henee it pla3^s a very 
impor^^^^ part in the transmission of nourishment to 
tho embryo. Not only does it do this, but it allows 
of tho removal of waste products. 

Tho villi of tho chorion are outgrowths by means 
of which tho very early embryo attaches itself to tho 
walls of the cavity, which it has niado for itself in tho 
w'all of the uterus. As they grow larger, these villi 
push their way into many of tho small blood-vessels 
in the uterine wall, and so como to lie actually in a 
mass of blood from wliich they abstract the elements 
of nutrition. At first the villi themselves contain no 
blood-vessels. Nourishment passes through them by 
a simple process of osmosis. Later on, vessels grow 
into tho villi themselves. Tho nutriment supply is 
secretion, in tho first place, of tho uterino glands, 
which these villi easily absorb. This process takes 
place during tho first two or throe months of 
embryonic hfo. At tho end of this time most of the 
villi disappear, and the few that remain take pait 
in forming tho fcctal or embryonic portion of the 
placenta. 

After tho third month the embryo is nourished by 
the placenta itself, which is at this stage developed. 
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As we have seen, it arises partly from the villi of the 
chorion, which is its embryonic portion. The other 
part of it is maternal in origin, arising from the portion 
of the uterhie wall which is immediately over the 
embryo. The connection between tins structure, the 
placenta and the embryo, is constituted by means af 
the umh'lical cord. The function of the placenta is 
partly to supply nutrition, partly to serve as an organ 
of resjuration for the embryo, whose lungs are, of course, 
not functional, and partly it acts in the same way as 
the Jkidney does in after life, by excreting certain pro- 
ducts. From the placenta the embr}^o derives those 
food elements at first provided by the secretion of the 
uterine glands. Afterwards these elements are supplied 
by cells which lie between the foetal villi and the blood 
of the mother. TtSr respiratory function consists in 
allowing oxygen and carbonic acid gas to pass by 
osmosis between the embryonic and the maternal 
blood. The process is exactly analogcnis to that which 
takes place between the gills of a fish and the water 
in which the fish lies. Of course, it will bo easily 
understood that there is as yet no great need for a 
large supply of oxygen, because the embryo is merely 
growing, and not using its various organs. 

It should bo clearly understodd that under ordinary 
conditions of embryonic life there is no direct mixture 
of the blood of the mother and that of the developing 
embryo. All the processes w^hich contribute to its 
growth and maintenance, including those of respiration 
and excretion, take place through the intermediate 
structures above mentioned. This is an extremely 
important point, because it means — and evidently that 
is the object of the aiTangement — that there may be 
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• 

much of an injurious character in tho blood of the 
mother wliich never reaches tho embryonic tissues at 
all. Doubtless tho colL? which form tho organs tof 
nutrition for tho embryo have a capacity for selecting 
tho elements required for purposes of nutrition. It 
is their business to look after tliis process. How per- 
fectly it is performed can at once be understood when 
we recollect how very frequently the tissues of tho 
mother herself are in anything but perfect health, and 
yet the embryo is bom healthy. Were it not for this 
intormoJiary process, the embryo could hardly help 
being poisoned or otherwise injured by all the varied 
unhealthy products and substances which the ignorance 
of some mothers allows to bo present in their blood 
during this important period. Even with this means 
of protection, tho maternal blood# may bo so utterly 
deficient in nutritive qualities, or so actively injurious 
from saturation with alcohol, or from some e(j[ually 
toxic substance, that the fluids which reach the em- 
bryonic cells may be very much impaired in quality. 
Nevertheless, it is astonishing how much danger can 
be avoided in this way by Nature’s provision in tho 
method of nourishing the embryo. 

If the development and growth of tho embryo in a 
human being runs a perfectly normal and uninter- 
rupted course, the following points could bo observed 
at various stages. At the end of tho fourth week in 
growth, tho embryo is distinctl> cuiwed, so that the 
two ends — tho head and Mie tail — are close together, 
the whole being about half an inch in length. Even 
at this very early stage, the canal which gives rise to 
the brain and spinal cord is closed in. The vesicles 
of the eye and the ear have both made their appear- 

V 
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ance, and the limbs are just beginning to show as 
buds. The heart is quite obvious, and its division 
info its four chambers is commencing. In another 
four weeks the embryo has reached the size of one 
inch, and the head is beginning to take on a shape 
more resembling that associated with a human being. 
The tail, on the other hand, has now disappeared. 
The limbs have gro\vn to the extent that both hands 
and feet are starting growth, and in the region of the 
hea(J both the eyes and the ears, as well as the nose, 
can be distinguished. Even at this stage, however, 
the sex of the embryo cannot be made out. A month 
later, at the end of the twelfth week, a considerable 
development has taken place. The embryo is now 
about three and a half inches long. There is a general 
growth to be observed, and the bones are beginning 
to ossify. In sixteei* weeks, when the embryo measures 
about five inches in length, the sex is easily distin- 
guishable. The most characteristic thing for the weeks 
succeeding this is the relatively largo size of the head, 
upon which hair appears at about the twenty-fourth 
week. In twenty-eight weeks the embryo should weigh 
about 2J lb., that is to say at the seventh month of 
embryonic life. Should the child be bom at this time 
as the result of any of the causes which give rise to 
premature birth, there is a possibility that it may 
live, though as a rule it does not. Four weeks later 
it should weigh SJ lb., and if bom now may frequently 
live, if carefully attended to. In another four weeks 
the embryo is nearly eighteen inches long, and weighs 
about 5]^ lb., and the body has a more rounded appear- 
ance, because by this time there has been a consider- 
able growth in fat. If bom at this stage it ought to 
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be quite possible to save the life. Finally, at the end 
of forty weeks, the nonnal full embryonic period of 
human life, the healthy child should weigh about 7 Jb., 
having smooth, pink skin, and being otherwise per- 
fectly developed. 



CHAPTER XII 

RECAPITULATION 

In bringing our study of Embryology to a close, we 
may jglanco briefly at another aspect of the subject, 
namely, that which emphasizes the fact that in its 
development the embryo recapitulates the history of 
its ancestors. 

It is quite obvious that the offspring of any species 
of animal, if they aro to live and survive in the same 
kind of environment 'as that in which their parents 
live, must resemble them somewhat closely. The only 
way in vhich Nature can secure such a sufficiently 
close resemblaneo of offspring to parents is by insuring 
that they should develop along similar hues. So it is 
that we find that the whole of the life history of an 
individual is more or less a recapitulation, with, of 
course, variations, of that of the parents and ancestors. 
Each successive step from the very beginning of the 
fertilisation of the ovum repeats a stage through which 
previous generations have passed. If from any accident 
a step in this recapitulation is omitted, the embryo is 
to that extent deprived of some feature possessed by 
a parent or ancestor; and if this be a sufficiently 
important omission, it is impossible for such an embryo 
to survive. That is one way in which an embryo may 
differ from its parents. That is a retrogressive change. 
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On the other hand, such an embryo, in addition to 
recapitulating the stages through whicli its parents 
pasf-cd in development, may have something tiew 
added, something which appears for the first time. 
JLn other \\ords a progressive variatioi 'nay appear. 

Now, since the embryo follows the saing develop- 
mental track as did the parent, passing through the 
successive stag(‘s of germ-cells, fertilised ovum, embryo, 
hetus, infant, child, youth, and adult, it fallows that 
should it cxhi])it any additional i^ecuharity, uiyioted 
in the parent, the embryo has obviously varied jiro- 
gressively. That is to say, it has pursued the same 
line of deveiopnient together with some new addition. 
On the other hand, sliould the ofTspring at any of 
those stages in its career bo obviously without some 
of the characters of previous generations, it is os cer- 
tainly duo to the fact that tho rccai>itulation of the 
history of development has been, in that i)articular, 
incomplete. 

In all successive cases of multicellular organisms, 
development by a process of reixjtition of what hap- 
IKJiied in tho previous generation scorns to bo the rule ; 
and it would appear that only by tliis means could a 
mass of cells which constitute an individual grow' into 
something sufficiently like tho parents as to be recog- 
nised for their offspring Given tho fact that a 
human individual starts from a single germ-cell, it 
could only be by following tho same steps in develop- 
ment trodden by the parent that the new individual 
could attain a similar growth. The object of this 
similarity is, of course, to provide that the offspring 
may live and survive in an environment more or less 
similar to that of the parents. As Dr. Archdall Keid 
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puts it, “ the embryo starting from the same point, 
must follow the same road to roach the same 
go8fl. The embryo which did not recapitulate the 
history of the development of a parent would be a 
monstrosity.’* 

While, however, recapitulation in development is 
always more or less clear, it does not follow that it 
is 2 ^erfcctly complete, nor pcrfecjtly identical with the 
development of the parent. Indeed, on the other 
hand^ there is always a ceilain amount of variation, 
either progressive or retrogressive. Progressive varia- 
tion means that in addition to the development of 
all the parental stages, sometliing new has been added. 
Retrogressive variation means that from the total 
development experienced by the parent, something has 
been omitted. We *arc hci’e si)eaking of characters 
of a species, and it rmsi not be thought that we are 
refening to the characters of the embiyo as if they 
were derived fioin those of their parents. This was 
clearly pointed out in the earlier xx^rtion of our study. 
The variations in devcloj^ment, to which wo here refer, 
take their origin in the germ-plasm which tends to 
repeat in eacli geiuTation similar ty^x^s of development. 
In other words the gcrm-pUism from which individuals 
sirring is of such a nature that the embryos arising 
from it show in their develojnnent a recapitulation of 
the evolution of their i)articular species. In addition 
they may show variations of cither a plus or a minus 
character. These variations are frequently inherited, 
and persist throughout succeeding generations. In 
course of time, if there are many of such variations, 
they accumulate, and to that extent, of course, alter 
the life history. That is why in watching the develop- 
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ment of a human embryo it is impossible to trace 
accurately the early ancestral development of the race 
from it. It passes through the stage of a single cell, 
then becomes multicellular, and gradually assufUes 
the form of a higher and higher ty]X5 of organism. 
.“Manifestly the additions and subtra* •ii»iis have been 
vast. It possesses, for instance, a placenta., an organ 
by which it is attached to the mother, through which 
it is nourished, and ^^llich at one time is larger than 
the embryo itself ; but which, of course, could not 
have buuU present in its prototypes. Ncverthele/js the 
life history unfolded by the child is just as real, just 
as complete, and probably moro accurate than any 
written chronicle tliat attempts to describe the whole 
past of a race.” (Reid.) 

** Thore ia a history in all in«n^B livos 
Figuring the nature of the times deceased.’’ 

Hero we must conclude this brief sketch of some 
of the principal facts in the science of Embryology, 
in the ho])c that enough has been said to stimulate 
the interest of our readem in this subject to such 
on extemt that ihe}^ may be encouraged to pursue 
its stud}^ still further in one of the many text- 
books that aro devoted entirely, or partly, to this 
matter. 

Wo would urge in conclusion that the study is well 
worth while, even for those to whom it has a non- 
professional mterest. It should bo sufficiently obvious 
to any earnest thinker that the problems w'hich are 
involved in the study of embryology are precisely 
those w^hich arc ot the very greatest importance to 
humanity at large. With this subject is most inti- 
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mately bound up that of heredity itself, which has 
been dealt ^^^th m another volume of this scries. No 
tri^ understanding of what can be done, or what 
should be done, in the direction of improving the lot 
of generations to come, or of making the most of tho 
generation at i)roscnt existent, can be obtained by any 
who are • absolut(‘ly ignorant of tluse topics. It is 
only by th('ir study that wo realise tliat the human 
embryo, which is to become the Immaii individual, 
consists, to a very large extent, of characters and 
featifres which are unalterably settled for it before- 
hand, to which nothing can be added, and from which 
nothing can bo taken away. In other Avords, the possi- 
bilities for any individual are those which are pre- 
existent in tho germ-plasi>i from which ho or she 
originates. These poi^,sibijitics, hoAvever, depend upon 
the environment in which the embryo, infant child, 
and adult is subsc'iuently placed for their full expan- 
sion. In many directions tho inlierited tendencies 
transmitted by tho continuity of germ-plasm are un- 
alterably .ind strictly defined. In many other direc- 
tions those inherited tendencies can be so modified, 
drawn out, or even partially bU])presscd, by suitable 
surroundings of a hygienic, educative, and moral nature, 
that if tho process be taken in hand sufficiently early 
w onderful successes may re'-ult. These results are 
those for which tho social icformer and the pliilan- 
thropist and the serious stude it of sociology are earnestly 
striving, but it is only by a study of the sciences of 
Heredity and Embryology that accurate data can be 
obtained from which ju'-tifiable conclusions may be 
di’awn. 

Tho great fact which embryology teaches is that the 
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paai ia unfolded stage by stage, with certain omissions 
and additions, so that in very truth — 

" Tlio softest dimple in a baby's smile 
Sprint's from the whole of past otornity, 

Taxed all the sum of things to b.’ It there.” 
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